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PREFACE TO SECOND EDITION. 

The original oditiou uE tliia work haa boon ao favourably received by 
road eiiginoera at lioiue and abroad, and tlio amount of new matter and 
information acquired as a reault of tlic exiierimeiita and investigations 
tliat have been made in tlio interval lias been of such interest, that, at 
the request of the pubhshers, the author has completely revised and 
remodelled the book to its present enlarged form. 

The war has emphasised the immediate necessity for improved 
Jiighways and thoroughfares, and for the provision of a substantial 
road ^truoture which will be suited to the traffic. Motor transport 
has demonstrated itself an economic suooess, and it is shown in the 
text that, up to a radius of about foii)/ miles, goods can be carried 
more efiectively and as ecouonucally as by the railway as at present 
administered. A similar degree of satisfaction can bo obtained in 
deahng with passenger traffic in certain circumstances. 

Roads will, therefore, bo subjected to a far greater amount of traffic 
than has been the case in the past. The increases shown in the traffic 
returns are an indication of the popularity of the motor vehicle, but, 
in the view of most people, they only give a shght idea of the future 
increase of suoh traffic. 

It is explained that the provision of good and suitable roads will 
reduce the runmng costs of this form of traffic by about 20 per cent. ; 
and, in consequence, it is desirable that every effort should be made 
to instal such a form of structure that will give this or oven better 
results. 

The greatest oare has been taken to give information wliich will 
be generally useful The author has made very free comments for and 
against the different classes of structures, and suggestions which, in 
his opinion, seem to overcome the difficulties that have arisen. 

The bituminous pavement is very closely examined, because this 
class of structure seems to have greater possibihties for suooess from 
every point of view ; the information is in suoh detail on this subject 
that there should be httle difficulty in carrying out the work by direct 
employment of labour. 
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atmoapliere. TIioho Hucooaaea wMoli are said to be so prevalout in tlio 
drier atmosphere of other countries would probably, in some cases, 
have faded under our moist conditions. The other factors are almost 
too well known to be mentioned — heavy rains, drizzling showers, 
summer heat and winter frosts, variations of horse and motor tradic, 
iron- and rubber-tirod wheels, intermittent or continuous traffic, grade 
and contour : then the road may bo broad and open, or sheltered and 
shaded by trees ; it may bo low-lying and consequently badly drained, 
and so on. Each have their efiocts, and they cannot be anticipated ; 
all that can be done is to study the combinations. 

It will, for this reason, be unwise to draw the cuiKilusioii that ])e- 
oauBG a form of road construction has been very successful in one 
partioular place or district, it will, without amendiiieut or alteration, 
prove equally successful in another totally difieront district and under 
dissimilar conditions. Obversely, it need not be the ease that because 
a form of construction has failed in one place, it will fail elsewhere. 

A critical examination is made of materials used, but it must not 
be taken that they should be eliminated from use where the criticisms 
are adverse It is for the road engineer to determine the places 
where they can be used with suooess. The criticisms are the personal 
opinions of the author, and their justification is amply set forth. 

An inquiry is made into theWeation of the traction wear on macadam 
roads : whether, by itself, it has any greater wearing oa])acity than it 
has on wood-paved or asphaltic road surfaces. 

Abrasion or attrition tests of stone have been useful so far as the 
waterbound roads are concerned, but in the more modern methods 
of construction it is sliown that the stone will not bo given the oppor- 
tunity to abrade ; it will be held in position permanently in the same 
manner that the aggregate in concrete is held in position by the cement 
that is used as a binding agent. The great difEerenoe is that in this 
case the cement is hard and non-resihent, while the other the binding 
agent is ductile and gives a resilient mas^. Thus stone will have a 
different value, and in all probabihty a stone now regarded as soft 
will have almost an equal wearing capacity in such a pavement to a 
hard stone, if not a greater. 

The example of soft wood is an illustration. It wears more satis- 
factorily than hard wood, because its fibres are more resilient and not 
too quickly affected by traffic and weather conditions. 

The tars and the natural bitumens as binding agents are fully con- 
sidered, the stable and known oharaoteristios of the latter showing to 
advantage as against the cheapness and unknown qualities of the 
former. 
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In making compariBonfl of rogtds, the best method is to take a care- 
ful oensuB of the traffic. An example which has been adopted by the 
Road Board is given in tlie text. 

The census would be misleading if in one case ifc was taken over 
twelve hours and in another over twenty-four hours, as there may in 
one case be a day and night traffic, and in the other only a day traffic. 
The traffic should be taken hourly, as it will probably be found that 
traffic spread over equal periods of the day will wear less rapidly than 
in the case of the same traffic confined to very few hours. 

The width of a road as a guide to the traffic rate is also iiusleading. 
A straight road with the traffic confining itself to the centre of the 
road is affected much more rapidly than a similar road where the 
same traffic spreads itself over the whole width. It is, therefore, 
advisable to remark on this in the census return, or adopt a standard 
width for each hno of traffic, 

The author is indebted to Mr Clifford Richardson for his kind 
jiermisBion to use the analyses and figures in connection with the 
various bitumens mentioned in the chapter dealing with the subject. 
They are given in even more detail in his work on Modern Asphalte 
Pavements, 

Much of the matter has already been given in a series of lectures 
and in articles in the technical journals. 

It is, however, due to the apparently wide interest that is taken in 
improved methods of road construction, us evidenced by the corre- 
spondence from engineers, members of local authorities, and others, 
both at home and abroad, that the author has attenqited to give in 
a concise and not too highly technical form the leading characteristics 
and details of modern roads without overlapping in any serious degree 
the works of other writers on the same subject. 




London, Jwnf^ lUiiJ. 


ERANCIS WOOD. 
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CHAPTER I. 


orTRODnoroRY. 

Tiifl attention of road engineers haa in recent years been espeoially 
called to tbc evor-inoreasing traffic, principally self-propelled, beoansc 
of the damage that has developed on the roads and which is coinoidont 
with the entrance of the motor vehicle into the public service. Macadam 
roads have satisfied the requirements of the public for a great many 
years, but under the new conditions they seem to fail in a remarkably 
short space of time. A careful examination into the whole of the 
factors which have their effect on the road structure will demonstrate 
why the deterioration is so rapid and how it can bo remedied, but 
owing to the groat mileage of roads made with macadam, it is a matter 
of serious consideration as to how the cost of any remodelling of the 
struoture to suit the new conditions can be met. 

Main Road Maintenance Costs.— In order to properly appreciate 
the position of the road authorities in England and Wales, wo may take 
the statistics that are issued by the Road Board in their Annual Report, 
extracting from them the figures which apply to the main roads only. 


Table I. 


“S"' 


£ 

Urban mam roads , 4,366 1,089,440 

Rural main roads . 23,833 2,897,361 

County borough roads 10,304 1,544,088 

London authorities . 2,210 871,664 
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1,736,068 
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/ 86,023 \ 
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1,077,378 
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Here it is shown that the cost of maintaining the urban main roads 
is equivalent to 5d. per superfioial yard and the rural main roads 2Jd. 
per superficial yard. 

Reconstruction Costs. — The cost of a road surface which will satis- 
factorily withstand moderate or heavy motor traffic prior to 1914 was 
about 6s. per superficial yard. It would thus take twelve years for the 
average urban authority to convert these roads to a satisfactory state, 
expending each year the whole of the maintenance costs (assuming 
they are aU of a macadam type), and twenty-five years for the rural 
authonly to treat the roads in the same manner. If the roads 
were reconstructed at once, it would take the same period to repay 
the loan (without taldng into consideration the extra time that 
would be involved, and which would represent the interest on the 
borrowed money), leaving nothing for the maintenance of the now 
form of construction that may be necessary during the period of 
the loan 

But there is another point which is of importance : the Government 
does not sanction loans for such purposes for a period beyond ton years, 
therefore, so far as the rural districts which have 23,833 miles of roads 
under their control are ooncemed, the cost of such a form of road con- 
struction would be equivalent to two and a half times the maintenance 
cost during the ten years, exclusive of loan charges and now maintenance. 
This is not perhaps at first sight a groat difierence, but when the amount 
raised from the rural areas is £2,897,361, and it is to bo increased by 
about £6,000,000, it becomes a very serious problem ; similarly with the 
urban areas, the amount to bo obtained is a considerable sum from 
their limited areas. 

The war has intervened and raised the cost of both labour and 
materials more than double, and it is probable that these costs will 
not return to anything like the figures that prevailed before and 
during 1914. Hence the difficulties of the road authorities, who 
are faced with the problem of improving their road structure, axe 
intensified. 

Taxation Proposals. — There have been many proposals to overcome 
the financial side of this problem : one of them that has received con- 
siderable support is to continue the petrol tax which was placed on 
petrol-driven vehicles in 1909, and which has since been greatly increased, 
and to place in addition a tax on motor buses at the rate of |d. per 
oar mile. 

This proposal has been amplified on the following lines, the cost 
per bus per annum being oaloulated on a 100-mile basis : — 
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Per Bus 

Per Bus. 

Mile. 

Per atmuiu. 


d. 

f 

s. 

d. 

For a specially constructed wood-paved or 





asphalted road on reinforced concrete . 


67 

0 

0 

For a wood-paved road (on concrete) . 

is 

06 10 

0 

For an asphalt road (on concrete) 


66 10 

0 

For a granite sett or durax-paved road (on 





concrete) 

is 

66 10 

0 

For an asphaltic macadam road . 

1 

76 

0 

0 

For a tarred slag maoadam road . 

i 

114 

0 

0 

For a tarred limestone macadam road 

i 

114 

0 

0 

For a tarred granite maoadam road 


114 

0 

0 

For a granite water-bound road . 

1 

162 

0 

0 

For a limestone water-bound road 

1 

162 

0 

u 

Other water-bound roads .... 
For a road partly wood-paved and juivtly 

1 

162 

0 

0 

macadamised, with wator-boundmetalling 
For a road partly ^vood-pavcd or granite, 

ft 

104 

0 


paved and partly macadamised, with 
water-bound metalling .... 

ft 

104 

0 

0 

For a road partly paved with wood and 





partly macadamised with tarred mao- 
adam 

ft 

86 

0 

0 

For a road partly paved with setts or durax 





and partly macadamised with tarred 
maoadam 

ft 

86 

0 

0 

For a road partly wood- pave cl and partly 





paved with setts or durax 

ft 

66 10 

0 

For a road partly paved with wood and 
partly with asphaltic maoadam 

For a road partly paved with granite setts 


76 

0 

0 

or durax or partly with asphaltio mao- 
adam or lithofalt .... 


76 

0 

0 


Che writer is not aware wliether such a proposal as tliis has been adopted, 
-nd in the case of a bus which is plying for trade in a district where 
uoh a charge is made, it probably will not materially affect the oom- 
)any running the buses, because the inhabitants of the district have to 
>ay these charges ; if they do not patronise them under these conditions, 
hen the bus company would not run the vehicles. 

A motor-bus chassis is not materially different from a great pro- 
oridon of the commercial vehicles which are so prevalent. The three- 
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ton vehicles used by the Government Departments in the prosecution 
of the war are particularly after this type, so that whatever charges 
may be made on motor buses should equally apply to these other 
vehicles, as they will obviously be capable of causing the same pro- 
portional damage. 

In London there is a large proportion of bus traffic as compared with 
other traffic, and the writer had a census taken of the traffic passing 
through Eulham. 


Tabljsi II. 



Boad., Broadwav 
„ „ Fulham Park 

Bond 

Putney Brldgo 
Harwood Hoad 
Fulham Fodace Hoad 
Hew Hlng's Hood . 
Dawes Hood . 

Eiilllo Hoad . 
Wandsworth Bridge Bx)a(] 
Horbh Bnd Hoad 


•12,817 25,044 12,216 4276 6654 
26,614 14,788 7,816 1002 6770 


66,873 

26,760 

88,010 

20,840 

28,804 

36,444 

16,000 

10,628 


28,602 14,288 
12,684 0,384 
17,200 0,680 

7,704 1,788 
11,068 4,014 
21,438 6,040 
0,062 880 
11,268 1,001 


8082 7874 
2312 4006 
4602 802 
66 3 

2700 10 

102 8658 
60 1244 
128 2964 


0 29 
0 28 

0 26 
0 24 
0 20 
0>00 
0-31 
014 
0 06 
0 09 


£ 

682.000 980 

381.000 606 

743.000 1100 . 

880.000 618 464 

947.000 642 300 

08.000 140 487 

266.000 400 420 

202.000 410 470 

43.000 07 445 

97.000 103 611 


0 18 0-11 -16 60 
0 006 0 8 -10 78 

180 

0-003 0-08 -14 106 
0-043 0-04 -7 06 

0-078 0 07 -4 300 
0 09 0 07 -33 110 

0‘1B0 0-17 -8 06 

0 08 0 00 -3 61 

0110 013 +2 78 


Proportion of Bus Traffic. — Table II shows that although the motor- 
bus traffic IS only on an average *22 of the number of vehicles using 
the roads, the income would he, on the Jd. per oar mile basis, £4-24: per 
mile as against a total cost of £4:64:. The numbers of motor lorries, 
light tractors, and traction engines are increasingly using these roads 
at a rate varying from 141 per cent, to 690 per cent., and the increase 
in the total number of all classes of vehicles is varying from 61 per cent, 
to 300 per cent. Yet with all this increase of traffic, the rate of wear 
of the pavement, which is in every case soft wood, gives a clear indica- 
tion that the wear is at a less rate compared with the three years prior 
to 1909, when there was mainly horsed traffic using the streets. There 
are three oases where the income would be much less than the actual 
coat of repairs, but it will be noticed in these cases that the percentage 
of motor buses to the general traffic is small ; where, however, it approxi- 
mates to 20 per cent, of the general traffic, it is about as much as the 
total cost of repairs. 

Wear Decreasing. — It is therefore permissible to suggest that where 
a road is formed of material which is suited to the traffic, the wear is 
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not as great as was the case under liorsod traffic, the pounding of the 
horses’ iron shoes doubtless bojng a considerable factor ; or it may be 
that the extensive use of rubber tires oontnbutcs largely to tho ro- 
duotion, tho rubber wearing rather than the surfacing material of 
the road. 

This is a confirmation of a oonolusiou which was arrived at by a 
committee appointed by tho Chamber of Deputies in Franco as far 
back as 1831 : “ Steam vcliiolcs weighing 4 tons fully loaded and 

running at an average speed of 10 miles per hour, witli larger wheels 
than other vehicles, do not destroy the road surface like tho hoofs 
of animals, and cause less injury to the road than horse-drawn 
vehicles ” 

Traffic Increasing. — further examination of tho figures will be 
instructive. It would be natural to expect that tho number of motor 
buses that have substituted horsed buses would have been fewer 
in number, had they only taken the same traffic as the horsed buses ; 
but it will be aeon that they have greatly oxcooded tho number of horsed 
buses, and it must bo therefore anticipated that other classes of traffic 
will similarly increase with their increasing popularity. It is evident 
from the figures given that this is actually the case, Tho number of 
commercial motor vehicles is far in oxooss of the vehicles that wore 
used in 1909 (Table IIa.). 


Tablb Ha. 




Number of 

Number of 




Motor Lomoa, 

Motor Lomofl, 

Inoroaso in 
Five YoaTB. 



Tractors, and 

Tractors, euuI 



Traction En< 

Traction En- 



gines. 

gines. 




lOU. 

1900. 

por oont. 

Fulham Road, Broadway . 

, 

868 

168 

410 

„ „ Fulham Park lloncl 

371 

132 

260 

Putney Bndge . 


1061 

300 

246 

Harwood Road . 


662 

00 

500 

Fulham Palace Road . 


085 

144 

584 

New King's Road 


770 

210 

270 

Dawes Road 


441 

108 

309 

Lillie Road .... 


630 

222 

141 

Wandsworth Bridge Road . 


285 

102 

180 

North End Road 


219 

64 

305 


Cost of Maintenance per Vehicle. — The total cost divided by the 
number of vehicles is equal to -j^d per vehicle mile. This therefore 
represents tho cost of the wear of the road by vehicular traffic. 
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Cost of Maintenance per Ton Mile. — If, however, we take weight as 
a factor instead of the vehiole, then it works out at per ton mile. 
Suppose a motor oar weighing 1 ton travels 10,000 miles per annum, 
then the oost of the damage or wear to a suitable form of road structure 

^^*^^^^^==£1, 6s. 3d. per annum. If a motor bus weighing 


would be 


6 tons travels 30,000 miles per annum, the damage is represented by 
£22, 17fl. If a motor lorry weighing 4 tons and a load of 6 tons averag- 
ing 7^ tons travels 40 miles per day, i,e 90,000 ton miles, the cost is 
£12, 4a per annum. 

Basis of Cost of Maintenance. — This is based on a pavement costing 
Ss. to renew every fifteen years, and a repairing bill of 3d. per superficial 
yard per annum, bringing the total oost to 9*4d. per yard per annum 

But the oost of maintenance is not in true proportion. Tor example, 
in other roads there may be only one quarter of the traffic, and as the 
pavement may last four times the length of time, it would not be possible 
to assume that a pavement would last sixty years ; the limit of its life 
should be twenty years The cost of repair may bo reduced to about 
IJd. per superfioial yard. Basing the figures on pre-war standards, the 
bituminous pavement costing 6b per superficial yard represents 3d. per 
superficial yard per annum, added to l^d per superficial yard for repairs ; 
the cost is 44d. per superficial yard per annum. Instead of the width 
being 30 feet, assume it to be 7 yards ; then the cost of maintenance 
would bo £231 per mile. One quarter of the traffic per foot would oost 
=•08 per ton mile. Thus a motor oar of 1 ton, travelling 10,000 miles 
per annum, wotild cost £3, 6s. 8d., the motor bus on the basis 
mentioned above would oost £60, and the motor lorry £30. 

Assuming, therefore, that every vehicle was taxed at the rate of 0-08d. 
per ton mile, the revenue that would bo received would bo sufficient 
to pay for the maintenance of the roads that wore traversed on the above 
basis, provided that the roads were built with a suitable structure at 
pre-war rates. 

For a oomparison of actual maintenance costs see page 70. 

Decreased Running Expenses on Good Surfaces.— It will be gathered 
later that with an improved surface the saving in oost of the running of 
petrol-motor vobioles would be so considerable that, if a tax is to be 
levied, a far greater tax could he imposed than was the case in 1914, 
without increasing the owner’s total running cost. There seems no 
justification for limiting the tax to the petrol vehioles, as the other types 
of vehioles wear the road to an equal extent with the same weight. It is 
also shown that the steel-tired vehioles do much more damage to the 
road surface than rubber-tired vehicles, and these vehioles might there- 
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fore be more severely taxed than rubber-tired veHoles. There can be 
little doubt that if a tax is to be placed on vehicles, it should bo on all 
vehicles, and proportioned to the load and mileage travelled. 

The complaints of motor btisos doing the damage to the roads arises 
from the fact that these buses travel with regularity on a certain fixed 
route, and the frequency of the service causes the damage to bo apparent 
at an earlier date than would have been the case if their route had been 
constantly varying over many different roads. Wherever tliesc or other 
vehicles of a similar or of a lighter or heavier class run over a macadam 
road with similar frequency, the same results would appear. It is interest- 
ing to learn the number of heavy vehicles. In 1913-11 the census taken 
indicates that the number of heavy motors was 18,006. Of this number 
the estimated number of motor buses was 6000, but 3000 were con- 
fined to the streets of London, and a proportion of the remaining 2000 
were probably confined to the paved streets of the provincial towns. It 
is, therefore, a number under or about 2000 motor buses that have done 
the damage that is complained of. But there are 13,000 other vehicles 
which are probably of a heavier type than the motor bus. Those are 
also to some extent confined to the large towns ; but assuming that half 
of them travel on the roads outside the London area, they then number 
three and a half times the motor buses, and must have done equal 
damage to the roads; but that damage has been spread over a miioli wider 
area, and is not so soon apparent, but the damage will appear later on. 
The War Department is, according to the Press, in possession of anything 
between 60,000 and 100,000 motor vehicles ; these are to be released, and 
will doubtless be used for commercial purposes. The greater proportion 
of the vehicles used by the War Department were built on similar lines 
to the motor-bus chassis, and if only 60 per cent, o[ the smaller of the 
estimated number of vehicles are released and put on the roads, there will 
be twelve and a half times the number of motor buses, or four times the 
number of the heavy motors other than buses running on the roads, and 
the damage that will be made apparent on any road that is not provided 
with a suitable structure may be easily imagined. 

TrafiSo Damage to Roads. — So severe has been the effect of this 
traffic on the unsuitable road surfaces existing, that it has been suggested 
that there should be a demand made on the railways to give better 
facilities and cheaper freights, in order that the roads need not be sub- 
jected to the heavy traffic, which self-propelled vehicles are able to deal 
with more economically by road, and thereby entice this traffic from the 
railways. The war has, however, strengthened the hold of motor 
vehicles on the business public ; the Government has made a huge demand 
for vehicles of the commercial type^ and their value for war purposes 



8 


MODBBN BOAD GONSTBUOTION. 


has proved inestimablo. So that from all sides there is a definite opinion 
that motor traffic after the war will be very great, and the roads will be 
to a mtioh severer intensity than has ever been the oase in 

the past. 

Railways and Traffic. — Whether railway companies will alter their 
methods and revolutionise the system of dealing with goods traffic is a 
question that afiects the toad problem, and it will not bo out of place 
to examine in some more or less general manner whether it is actually the 
case that motor vehicles seriously compete with railways. 

Necessity for Economy.— It is obvious the war has so drained the 
finances of the country that it is absolutely necessary in the interests 
of the public that economies be effected in every possible direction. 
If motor vehicular traffic is not economical, the trader will be the first 
to recognise the fact and adopt the cheapest form of conveyance for liis 
goods to his customers. 

Advantages to Motor-Vehicle Owner. — Where a trader employs his 
own motor vehicle, there are a number of advantages that are at once 
apparent, to which it will be difficult to give or even estimate a cash 
value. They are (1) the certainty of delivering within a known time, (2) 
reduction in the number of times the goods are handled, (3) less damage 
to goods, and (4-) the goods are under the direct control of the trader until 
they are placed witli the consumer. These are distinct advantages 
wliioh cannot bo overrated, and are potent faotors wliioh are difficult to 
counterbalance except by clear advantages in the freight charges. 
Railway companies will no doubt bo able to make eoonomies in freight 
charges, but it will involve drastic alterations, and those alterations arc 
probably extremely difficult to oarry out on a comprehensive scale, 
especially in systems which are old and established. Co-operation on all 
sides would be uooessary. Structural alterations require large capital 
expenditure, and if previous capital expenditure has not been wiped off 
by moans of depreciation, the effect is to inoroaso the cost unless the 
ooonomioB are on a commensuiato scale. 

Companies may oomo into agreement as to a policy; they equally can 
come to an agreement as to the charges, and these maybe made unfavour- 
able to goods carried, especially if there is no other means of oountor- 
aoting it — for example, by oompotition ; the competition is to be found 
in transport by road. 

Railway Costs.— In order to study the charges made for the collection 
and delivery of morchandiso and minerals, the Board of Trade returns of 
railway administration are available for 1913. From these returns the 
following partioulars are extracted, and from them the deductions have 
been made ; — 



INTRODTJOTORY. 


9 


The total authorised capital is 

„ expenditure per annum . 

,3 mileage travelled 

„ income from goods of all kinds 


£1,400,000,000 

81.224.000 
412,620,000 

66.640.000 


of which £33,000,000 is for the carriage of merchandise (less expenses 
for collection and delivery to and from the railway). 

Receipts per Ton. — The average receipts per ton were as follows : — 
from merchandise, 9s. 0*6d.; from minerals, 2a. l*7d. 

The mileage travelled by goods trains was — 


Loaded 140,449,000 tons 

Empty 21,236,000 „ 

Shunting, etc. . . . 119,142,000 „ 


Thus the mileage for shunting and empties is just about equal to the 
loaded-train mileage. 

Tonnage of Goods carried. —If the tonnage of goods carried is taken 
as the amount originating on any one system, it equals 372,037,000 tons, 
or a trifle over 2*3 tons per train mile; and as the receipts are 98*86d. for 
goods, it is evident that 3s. 7d. is the value of the receipts per ton. 

But the receipts from merohaiidiae =108-6d., and the receipts from 
minerals are 26*7d. per ton, ix, in the ratio of 4-22 ; 1. The tonnage is 
73 millions of merchandise and 299 million tons of minerals ; the ratio 
IS 1:4-1. 

Average Train Ifflleage. — Assuming that the freight charged for 
minerals is 0-6d. per ton mile, then the average freight of merchandise 
would have been 2-lld. per ton mile, and those figures divided into tho 
receipts give tho average mileage per train of 61-40 for minerals and 61-47 
miles for merchandise, or an average of 61*4 miles for all goods train 
journeys. 

Having obtained the average journey, the load being 372,037,000 
tons, the ton mileage is 19,123,000,000 ; tlds divided by the train mileage 
=il36 tons per train. 

Thus if the average train is made up of thirty-four trucks, there is an 
average of 4 tons per truck. 

Approximate Cost of OoUectlon and DeUvery.— The cost of collection 
and delivery at each end varies considerably, but an average of 35. per 
ton seems to be fair, and if 1 mile is added at each end, the total distance 
is 63-4 miles and becomes equal to l-36d. per ton mile, or a total of 3*46d. 
per ton mile. 

Approximate Oost of Motor Vehlcles.--A motor vehicle oostdng at pre- 
war rates £600 and carrying 4 tons on good and suitable roads would 
not run to more than 8d. per oar mile out and home, or Is. 4d. per oar 
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mile for the loaded journey, i.e. 4d. per ton mile. The heavier the load 
the less costly v?ill he the journey, and it is therefore seen that as the 
trader would huild his vehicle to suit the goods ho has to carry, it may 
easily follow that as the motor vehicle costa no more to carry 4. tons of 
material of considerable density or 4 tons of light density, the advantage 
is more hkely to be in favour of road transport. 

RaUway Rates for Goods.— From a railway rates book it will bo 
found that goods are divided into classes, and, without going too 
closely into the matter, the rates for goods to two towns are taken ; — 


Class 

B 

108 MUob. 31 MiloB. 

. -OOd. per ton mile 2'Od. per ton mile 

99 

C . 

. 1-OOd „ 3-Od. „ 

99 

1 . 

■ l-76d 3-4d. „ 

99 

2 . 

. 2-OOd. „ „ 4-Od. „ 

99 

3 , 

. 2.70d. „ „ 4-6d. „ 

99 

i . 

. 3-OOd. „ „ 6-Od 

99 

6 . 

. 3-60d. „ „ 7-Od 

OlasB B 

and 0 covers various classes of minerals. 

1 

covers 

damp-proof felting, office furniture, belting, ot( 

2 

99 

newspapers, oonfootionery, etc. 

,, 3 

99 

hardware, bicycles, fenders, maolunos, etc. 

„ ^ 

99 

clothing, onamollod ware, leather, oto. 

„ 6 

99 

mouldings, bedding, bods, etc. eto. 


Comparison Motor v. Railway Transport.— Add to these charges the 
collection and delivery charge of ‘GCd, per ton to those governed by the 
distance of 108 miles and 2'82d, to those governed by the distance 
81 miles, we have all olasses of goods carried more cheaply by rail for a 
distance of 100 miles, hut where the distance is within the ordinary range 
of a motor vehicle it is even cheaper to carry all olassofl of goods by road 
transport. When the ease of a heavy motor and trailer is con- 
sidored which carries 10 tons, the running costs would not bo more than 
2s. per loaded vehicle mile or 24d. per ton mile, which is still more 
favourable. 

There is another aspect of the case: the averages for goods are given as 
4- tons per truck and the distance carried is 61*4 miles, but the tonnage of 
merchandise is in the ratio of 4*1 to 1 of minerals, the mileage being the 
same ; the tonnage of morahandise should therefore be 26-4 to 108*6 of 
minerals, or 10 trains of 135 tons each of merchandise to 41 trains of 
minerals. It has been stated that the tonnage of merchandise is below 
4 tons and more nearly works out at a’n average of 2^ tons, and that the 
mineral trucks are loaded to the average of 9 tons. The journeys for 
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merohandise must therefore be muoh longer and approximate more 
nearly to 80 miles, while the journey of the mineral train must bo shorter 
and approximate to 22 miles. This means that instead of 10 trains of 
merchandise to dl of minerals, the ratio is 15 -4 trains of merohandise 
to 16-6 of minerals, or a roduotion of 37 per cent in the total number of 
trains. 

This brings the average of the cost from door to door to 3*01d. per 
ton nulo. But this does not alter the contention that has lieon put 
forward, that for distances within the radius of the motor vehicle the 
cost of oarriage from door to door is in favour of road transport. 

Railway Methods Unsatisfactory.— It has been put forward that 
railway methods are antiquated, and that under a difEorent system 
not only would goods be more expeditiously delivered, but a greater 
amount of material could be dealt with and greater efficiency secured 
generally. There is little doubt that alterations are being gradually 
made, but undoubtedly there is room for oonsidorablo improvement. 
Tbe writer has had to wait three days for goods to come from the north 
of London to the south of London, and throe weeks from Lancashire 
to the outskirts of London. There must be some defect in such a system, 
and it must be possible to arrange a method whereby goods could bo 
delivered the following day after acceptance, just as passengers can be 
and are carried. Wliile such delays continue to exist they are a distinct 
encouragement to traders to invest in commercial motors, and in conse- 
quence an improved form of road surface which will withstand such 
traffic in a satisfactory manner is absolutely necessary. The full advan- 
tages and benefits of an even and satisfactory road surface will only 
bo reaped when it is in first-class condition. 

Other Views of Railway Methods.- Other investigators of railway 
working have given a muoh worse view thfe.n is represented by the above. 
It is oven represented that 97i per cent, of the trucks on railways are 
lying idle during the year, and this is attributed to the waste of time 
involved by the methods that are in vogue for shunting, etc Clearing 
houses are suggested, and automatic transfer of goodsfiom truck to truck; 
but BO far as the writer has examined the proposals they are not too 
olearly demonstrated. At the same time it must be ad.mitted that there 
are advantages to be gained by an automatic transfer of goods ; especially 
as it is indicated in the Board of Trade returns that the mileage of 
shunting, etc., is within 80 per cent, of the loaded journeys, and it is 
therefore probable that the loss of tme in deliver*ng goods occurs in those 
places where shunting has to be carried out. 

Regulations as to Use of Roads.— The road is public property, being 
designed^ built^ and maintained in the interests of the public, and yet 
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the designer of the road rarely, if ever, consults or is consulted by the 
user, who has a free hand and, at the present time, may place on the road 
any class of horse-drawn vehicle he pleases With regard to motor 
vehicles, he has to conform to certain regulations, particulars of which 
are given later, which define and limit the loads they are permitted to 
carry, the width of the tires, etc. 

These regulations may be very desirable, but if they are not enforced, 
and the vehicle only tested before it is placed on the road, or at a time 
when it is not bearing its usual load, they are not as valuable as they 
might be. 

There is no doubt that there must be hmits which should bo strictly 
adhered to. 

Conference of Designer and User. — With reference to the question 
of the designer and the user conferring, although it is true that they 
rarely have the opportumty for so doing, there is obviously no reason 
why opportunities should not be made. 

The Intematjonal Road Congress is the only institution that has 
seriously attempted to bring the two together, and it is probable that 
this congress will in time be the means of giving to the legislatures of 
the various countries a ]UBt guide to the conditions applicable both to 
the designer and to the user of the road. 

Comparison with other Track Methods. — If we examine into other 
classes of roads, we shall find, for example, that the designer of a rail- 
way would not lay down the lines of his track without asoertaining the 
limits of the locomotives that are intended to be used upon it. 

Grades of Roads. — In modern schemes of railway construction the 
steepest grade, that should under no circumstances be exceeded, is 
settled after a most careful investigation has been made by the loco- 
motive and engineering departments, and is very rarely greater than 
1 in 160. It is usual to select a grade that can be used as far as possible 
throughout the system, either upwards or downwards, with level or 
comparatively level stretches in between. However, in road construc- 
tion there is no limit to the inohnation of the road, and grades of 1 in 
6, 1 in 6, 1 in 8 are quite frequent. 

India. — In certain parts of India, notably the north-west frontier, 
the military authorities design their roads and construct them so that 
the grade is limited to 4: J feet on 100 feet or 1 in 22 ; here the designer 
and user are in contact, and hence the roads are built to meet the special 
requirements. This grade is not excessive, and is one that might w'ell 
be adopted as far as possible as a limit in this and other countries. 

Power to draw Loads on Grades. — Such a reduction would greatly 
benefit the users, as will be seen from an examination of the accompanying 
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diagrams (figs, 1 and 2), which show graphically how, in one case, the 
power required to be exercised by a horse to draw a load of 1 ton 
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O. 

ropreBents cost of 4.horB6 atage-ooaoh drawing 1 ton over 1 mile 
at) 10 miles per hour. Bottom onrvo r^preponts cost of 4-horse waggon drawing 
1 ton over 1 mile at 2 J miles per hour,. 

gradually increases as the grade inoreEtses from the level up to 1 in 
20 in a fairly constant ratio, but after this limit the power required 
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increases very rapidly and in a much higher proportion. In the other 
illustration (fig. 2] there is a graphic representation of the cost of 
traction of vehicles at the rate of 10 miles per hour and miles 
per hour ; the cost increases gradually up to a grade increase of 
1 in 50, but after 1 in 20 the increase is abnormally in a high 
proportion. 

Limiting Grade. — It is clear from an examination of both diagrams 
that* the grade of 1 in 22, mentioned in a previous paragraph, should 
be the limit, and that any increase should be adopted only when the 
circumstances absolutely prevent the more favourable grade. The 
strain is as severe on mechanically propelled vehicles as it is on 
horse-drawn vehicles. 

Effect of Surfaos Material. — ^The diagram (fig. 1) also indicates the 
efiect of the material which forms the surface of the road : a macadam 
surface gradually decreases the effective power of the horse from the 
level to the grade of 1 in 20, after which the decrease is much 
more rapid ; while in the case of asphalt, or surface similar to 
that of asphalt, the decrease is in a greater but a more constantly 
decreasing ratio. 

Limit Grade for Asphalt. — If the effective power of the horse at 
a grade of 1 in 20 is taken as the limit, this power is seen to be exerted 
on asphalt when the grade is 1 in 60. Whether it is that horses are 
becoming more accustomed to the asphalt surface or whether it is 
that they are not so heavily taxed as to the loads they have to draw, 
on account of the advent of motor vehicles, it is the case that there 
are many examples of a grade of 1 in 40, and 1 in 27 is not regarded 
as unusual. 

International Road Congress on Grades and Curves.— The Inter- 
national Road Congress held in London in 1913 thoroughly discussed 
the question of grade, and came to no definite oonolusion as to the 
limit, because roads in hilly or mountainous districts would be extra- 
ordinarily expensive if even a grade of 6 per cent, was the limit ; hence 
their conclusion : Gradients on new roads should be as easy as possible 
having regard to the physical character of the country through whigh 
they pass, and they should be easier where there are curves, trams, or 
a preponderance of heavy traffic.” 

The curves on roads were another important part of road construc- 
tion dealt with, and it was resolved that although it is difficult to carry 
.out the form of the contour of a road in many instances in conformity 
with the centrifugal forces, so that the outside of the curve should be 
super-elevated, it is desirable that whatever super-elevation can be given 
to a road at the curve, it should be done even if the whole oontour of 
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tlie road is altered.’^ When the curve enters a falling road at a junotion, 
it is difficult to carry out any alteration. Apart from this point, ** the 
radii of curves of roads used by fast traffic should, where practicable, 
provide the best possible and an unobstructed view ; and whore this 
is not possible, means should be provided whereby the approach thereto 
is in some way indicated.” 

Obstructions in Roads. — A matter which is noticeable on some roads 
is the placing of lamp standards or tramway poles to support overhead 
wiring in the centre of thoroughfares. This class of obstruction is not 
only objectionable to traffic and a source of danger, but it also materi- 
ally increases the cost of maintenance. The road is made with a 
regular contour from side to side, but as these posts are placed at 
frequent intervals, they practically prevent the traffic using the 
centre of the road, which is in consequence not worn, and the traffic 
concentrates on the two sides. Traffic which is made to concentrate 
on a narrow width forms a track, and the wear is more severe than 
it would he if it was allowed to have the full width of the road 
surface ; the road therefore requires more frequent repair, and still 
more on account of the difference in alteration of contour due to the 
centre of the road remaining as it was originally laid. 

These obstruotions necessarily slow up the traffic, because they 
cannot pass each other with the same ease they are able to do on a 
clear road. 


The Internatioifal Congress on this point has a resolution : — 

No obstruction of the public highway should be permitted, either 
by vehicles standing unreasonably or travelling at an obstructing speed, 
or by things placed on the highway.” 

There are, of course, necessary and advisable obstruotions such as 
at dangerous junctions of roads or at ourves where it is advisable to 
cause veHclea to keep to their own side of the road, and in very 
wi e roa s it does not seem unwise to provide occasional refuges with 
a lamp which not only acts as a refuge for foot passengers desirous of 
passing across the road, but may incidentally divide the road into three 
parts, the centre being monopohsed by through fast traffic. 

Meaning of Heavy,^’ etc., Traffic. — In this work there are many 
oocaaons when the terms “ moderately heavy ” or ** heavy ” traffic 

m employed, and it is somewhat confusing to know precisely what 
the terms mean. 


Biitash road engineers, and 
sutaH^ to the third Road Congress, were as follows 

•rksaTj chicles per day, inoluding an occasional engine 
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Medium traffic =70 to 260 vehicles per day, including not more than 
6 per cent, of engine, heavy motor, or similar traffic. 

Heavy traffic =260 to 600 vehicles per day, of which 5 to 10 per 
cent, is similar heavy traffic. 

Very heavy traffic = above 600 vehicles per day, and not less than 
10 per cent of similar heavy traffic. 

TRACTIVE EFFORT ON SURFACES. 

A number of experiments were carried out by Dr A. E. Kennedy 
and Mr 0. B, Sohuring of the Massachusetts Institute of Technology 
in 1916, with the object of compiling a record of the tractive effort 
required for various surfaces. The experiments were made by using 
an electric delivery van weighing less than half a ton and equipped 
with solid tires, roller bearings, worm drive, and differential gearing. 
Laboratory tests proved the mechanical efficiency of this machine 
from battery terminals to the wheel rims to bo between 60 and 76 
per cent. 

Tar Macadam. — On tar macadam in good condition and wet, the 
tractive resistance east-bound varied botv^een 27 lbs. at 12 miles per 
hour to 30 lbs. at 16-6 miles per hour ; west-bound the tractive effort 
varied between 20 lbs. per ton at 10 miles per hour and 24. lbs. per ton 
at 14 miles per hour. 

Asphalt. — On an asphalt road in fair condition the tractive effort 
of 20 lbs. per ton was required at 10 miles per hour up to 24 lbs. 
per ton at 16-6 miles per hour. With the asphalt in poor condition 
the tractive effort was increased by about 10 per cent. Eliminat- 
ing the air resistanoe, a constant tractive effort of 17 lbs. i)er 
ton was required between 10 and 16 miles per hour on asphalt 
pavements. 

Wood Pavements. — Similarly on wood pavements the tractive 
effort ranged from 22 lbs. per ton at 10 miles per hour to 24 Iba. at 14-5 
miles per hour. 

In general, eliminating wind effect, the resistanoe of wood-blook 
paving was about 16 per oent. greater than that on asphalt. 

Brick Paving. — Briok paving in good oondition showed a slight 
increase in resistanoe over wood blooks, and with the bricks slightly 
worn the resistance ran somewhat higher. Tar macadam in good 
condition showed the same resistance as an ordinary water-bound 
macadam with a fine surface in good shape. A 50 per oent. 
increase resulted from a macadam road in poor oondition through 
holes. 


2 
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Heavily Oiled Blacadam Roads. — The lesistanoe of heavily oiled 
macadam roads was rather high, and between 7 and 13 miles per hour 
on a freshly tarred soft road the resistance varied between 32-6 and 
36 lbs. per ton. 

Gravel and Cinder Roads. — Gravel and oinder roads showed about 
10 or 15 per cent, more resistance than good macadam. 

Granite Blocks. — Qranite-bloolc paving proved to bo the worst road 
for mechanical traction, a road of this type over a concrete base, but 
with sand and gravel interstices, showing two and a half times the re- 
sistance of asphalt or wood bloolcs, the resistance of a granite-hlock 
pavement with cement joints being about 60 per cent, greater than 
that of asphalt. 

With a granite road the resistance increases with speed when the 
still air resistance is eliminated due to impact resistance. Asphalt, 
as stated, gives a straight lino curve of tractive ofiort and speed between 
10 and 16 miles per hour. 

Tractive-Effort Table. — The following table is compiled from statistics 
that have been made public from time to time. They are evidently 
approximate, and may oven be misleading unless we know the exact 
condition in wMoh the road was at the time the tests were made, and 
whether allowances were made for air resistance. 

It seems desirable that systematio tests should be made on specially 
selected roads with suitably designed bodies so that the effort might 
bo defined accurately. It will bo noticed how air pressure affects the 
figures by the example above ; in one direction the tractive effort was 
about 20 to 26 per cent, greater than when the vehicle was travelling 
in the opposite direction. 

Table III. 


Road Surface. 


Ratio of 
Traotiye Effort 


Asphalt road (level) . . I'OO 

Wood pavoment . , 1*20 

Tarred macadam . . 2*00 to 2'50 

Macadam (dry) . . . 2*00 „ 2-60 

„ (small hoUows) . 3*^ 

Sett-pavod road (dry) . 1*60 to 2*60 

„ „ (wet and 3*00 

muddy) 


The speed of the vehicle has an appreciable effect on the tractive 
effort. This is shown in the following table : — 
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Tablb IV. 

Traotivb Effort in Lbs. pbr Ton. 


1 6 10 12 14 15 5 17i 

Milo Milos Milos Miles Miles Miles Miles 

per per per pop per per per 

Hour. Hour. Hour. Hour, Hour. Hour. Hour. 


Railway 0 . . . . . . . . . . 27*5 

Tram roils .... 12 12*25 

Asphalt (good) . . . . 17 

» (poor) 19 

Macadam (dry) 42 40 ... . 50 

„ (soft mud on surface) . . 77 02 . . 100 

„ (small hollows) . ... 63 .. .. 75 

„ tar 27 . . 30 

Wood paying . . 22 . . 24 

Sett paving . . ... . . . . 42 50 

Concrete 81 

„ f-in asphalt oil coat . . . 51 


and screenings 


These tables demonstrate forcibly that if a road is dry cloau and has 
a good surface the tractive effort is considerably reduced, and the nearer 
the surface approaches to that of asphalt the leas power will be required 
to propel the vehiole and the benefit be in favour of the user. Equally 
will it benefit the authority that has the maintenance of the roads under 
its control, because the wear will be reduced with the tractive effort. 

Fig. 3 shows in a graphio form the tractive effort required to propel 
a vehiole on a steel rail at various speeds, and also the comparative effort 
on asphalt and macadam. While it is impossible to expect road surfaces 
to be of steel, it is evidently desirable to try and attain, by means of 
cheaper material, a surface approximating to steel, and probably the 
nearest is asphalt and wood paving. It is clear that macadam is un- 
satisfactory, and from Table Id. (p. 18) it is much worse when in a wet 
and muddy condition, and is equally bad when the surface is uneven. 

Assuming that asphalt is the unit, then the tractive effort on macadam 
is from two to six times greater. It must not be assumed that if asphalt 
was substituted for macadam there would be a saving of half or five-sixths 
of the fuel used to drive the vehiole. The power developed by an engine 
is expended in a large degree in overcoming the resistances or friction 
in the bearings and transmission gearing, together with the resistance of 
bhe air on the body of the vehiole ; but the reduction can fairly safely be 
aaid to save 10 per cent, of the fuel used in its propulsion. 

Effect ol Tractive Effort on Tires. — ^Tractive effort has a direct pro- 
portional effect on the wear of the tires ; in consequence a reduction of 
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one-half to one-sixth of the tractive effort will have a proportional 
influence on the wear of the tires Tires arc, however, more generally 


i 

I 





affected by the frequent sudden appUcation^of the brakes; apart from this 
wear, the results would be as suggested. 

Uneven- Surface Effect on Vehicle. — ^Again, an uneven surface such as 
is common to macadam roads which are subjected to moderate or heavy 
motor trafSlo is the frequent cause of damage to the vehicle itself ; the 
constant jarring will have an eventual effect on the engine, bearings, and 
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gearing, lienee not only are repairs more fieq^uent, but the life of tie 
veluole is shortened. 

Economy resulting from Good Roads.— Taldng the four items and 
assuming the percentages in the brackets as the saving to be efieoted by 
the improved and even surface such as would be given by asphalt, we 
have fuel (10 per cent.), tires (60 per cent.), repairs (20 per cent.), and 
depreciation (20 per cent.). 

This is seen more clearly by a typical cost example of the running of 
a commercial vehicle prior to the war,i as shown in Table V. 

Table V. 



* 

Oost on 
Average 
Surface. 

Improved 

Si^aoe. 

Tires 


per cent. 

per cent. 

2 

22 

11 

Petrol .... 

1 

11 

10 

Oil, grease, etc. 

01 

1 

1 

Registration, licence, etc 

0*2 

2-3 

. 2-U 

Establishment charges 

04f5 

n 

1 C 

Oarage 

045 


1 5 

Driver . 

1-7 

19 

19 

Repairs .... 

0*8 

0 

7-2 

Depreciation . 

2*0 

22 

17‘6 

Sundries 

0-3 

3*7 

3-7 




Surplu8l8‘2 


f perl 




9d.“| oar 

lOO'O 

100-00 


tmile 



The saving is represented by the item in the third column marked 
“surplus,” and is placed under this heading separately, because it 
enables one to judge as to what amount could be idaoed under any other 
heading without increasing the cost, e.g, petrol before the war cost 
9d. per gallon ; it is clear that Is. 9d. per gallon could bo paid for petrol 
without it afieoting the cost of running per mile if the roads had an even 
and regular surface. 

Other Advantages.— There are other advantages which have not to 
be lost sight of : the average speed of the vehiole would be increased, 
because the delays would be reduced ; with the reduction of repairs 
the need for “ spare vehicles are not so necessary ; there is less damage 
to goods being conveyed. 

Unification of Transport.— There can be little doubt that although 
motor transport on roads is a serious competitor to transport by rail 

^ The actual or preaent running costs of an army 8 -ton lorry ore, everything 
included, no more than Is. 3d, per oar mile. 
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(howover xail transport may bo improved, and it must be admitted that 
this is not only possible but probable), there will in the future be suoh an 
arrangement that both will work in oonjunotion with each other. It 
may bo, also, that canals or inland waterways will be brought into more 
prominent use than hitherto ; but the disadvantage which applies to rail 
or water transport is in the handling of the goods from one vehicle to 
the other. There is an advantage to some consignees in keeping the 
goods in the trucks at their sidings ; but it is open to doubt whether this 
advantage is in the interest of the oommunity, and if storage accommoda- 
tion was available at the premises to which they are consigned, it would 
not require much alteration in the system of unloading the truck, which 
could be done whilst it formed part of the train. Tliis would involve 
quiekor handling at the various local stations, and would involve more 
vohiolcB being employed on the roads ; but their use would ho confined 
to the locality, and would neoessitate improvement of the looal roads. 

From whatever point of view the subject is discussed, the need foi 
improved road surfaces is apparent, and must in the immediate future 
demand attention. 

Advantages of Asphalt Surface.— Roads with steep gradients are noi 
usually paved with asphalt, on account of the laok of grip, or slipperiness 
but oven these gradients may with some advantage be paved with asphalt 
because it is a surface that does not hold water very long, it dries oui 
quiokly, and it is free from mud, wliioh is a faotor of slipperineBs ; anc 
further, in oonsequonoo of this quiok-drying ohaiaoteristio it is not sc 
easily aifooted by frost, as in other oases a film of ioe is seen on tb 
surface, making it dangerous for traffic. 

Eflect of Wheels. — ^An examination has boon made of the efEect o 
diameter of wheels on the tractive effort. The following table shows th 
variation in the oase of throe wheels having different diameters : — 

Xhameter. 60 Tnohes. 28 Inohes. 26 Inohes. 

Tiaotive effort (lbs. per 67 61 70 

ton) 

And also in respect to the width of the tire : — 

Width of Tire. Inohes. 6 Inohes. 

Tractive effort (lbs. 121 98 

per ton) 
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Tlio difference of the width on the vaiionB classes of material forming 
a surface does not seem to have any further decreasing effect. Tractive 
effort, e.g, the lbs. per ton required on hard macadam and loose macadam, 
increases in very small proportion. 

Regulations as to Width of Tire. — In some countries regulations 
are made as to the width of the tiros of all vehicles (horse drawn) whioli 
traverse the public highways. 

In Bavaria the regulations depend on the number of wheels and 
tlic number of horses drawing the vehicles, and are as follows : — 


Vehlole. Drawn by Width in 

Horses. Inches. 


2-wheel oarfc 
2 „ 

4 „ 

4 .. 

4 


2 4-13 

4 6-18 

2 2 60 

3 to 4 4-13 

5 to 8 6*18 


In Ohio, U.S.A., the regulations are dependent on the load : — 

Tibes. 


Load. 



Width in 
Inohes. 

2500 to 3500 . 



8 

3500 „ 4000 . 




4000 6000 . 



4 

6000 „ 8000 . 



5 

8000 



6 


In the United Kingdom the regulations are in the hands of the county 
authorities, and so vary in different countries ; in some oases, also, 
there is a different weight for summer and winter use. 

For example, in the case of waggons, the allowance in Cardiganshire 
for a 6-inoh tire is 4 tons 15 owts., in Shropshire the amount allowed is 
6 tons, while in Lincolnshire it is 9 tons 6 owts. 

In the case of carts, in Cardiganshire the weight is the same as the 
above, but in Shropshire it is reduced to 3 tons 5 owts., while in Lincoln- 
shire it is brought down to 4 tons 6 owts. These rules, however, are 
rarely oompbed with effectively. 

IGQghways Act, 1878.— In this country there is the Highways and 
Locomotives Act of 1878, which stipulates : — 
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“ It sliall not be lawful to use on any turnpike road or highway 
a locomotive constructed otherwise than in accordance with the follow- 
ing provisions ; that is to say — 

“ (1) A locomotive not drawing any carriage, and not exceeding in 
weight 3 tons, shall have the tiros of the wheels thereof 
not leas than 3 inches in width, with an additional inch 
for every ton or fraction of a ton above the first 3 tons ; 
and 

“ (2) A locomotive drawing any waggon or carriage sliall have the 
tiros of the driving wheels thereof not less than 2 inches 
in width for every ton in weight of the locomotive, imless 
the diameter of such wheels shall exceed 6 feet, when the 
width of the tires may be reduced in the same proportion 
as the diameter of the wheels is increased, but in such case 
the width (>f such tires shall not be less than 14 inches ; and 

“ (3) A locomotive shall not exceed V) feet in width or 14 tons in 
weight, except as hereinaftc‘r jirovided ; and 

“ (4) The driving wheels of a locomotive sliall bo cylindrical and 
smooth-solod, or shod with diagonal cross-bars of not less 
than 3 inches in width nor more tlian J of an inch in tliick- 
nesH, extending the full breadth of the tire, and the space 
intervening between eaeli such cross-bar shall not exceed 
3 iiKdies, 

The owner of any locomotive used contrary to the foregoing pro- 
visions shall for i^vory such offence be liable to a fine not exceeding 
five ))ounds ; Provided that the mayor, aldermen, and commons in 
the city o£ London, and the Metropolitan Board of Works in the metro- 
polis, exclusive of the city of London, and the council of any borough 
which has a sejiarate court of quarter Bossions, and the county authority 
of any county, may, on the application of the owner of any locomotive 
exceeding 9 feet in width or 14 tons in weight, authorise such locomotive 
to be used on any turnpike road or highway within the areas respeotivoly 
above mwntiiined, or part of any such road or highway, under suoh 
oonditiona (if any) as to them may appear desirable. Provided also, 
that Uu* owner of a locomotive used contrary to the provisions of sub- 
HiMaion 2 of this section shall not bo doomed guilty of an offenoo under 
this wMition if he proves to the satisfaetion of the oourt having cognisance 
of the case that such locomotive was oonstruoted before the passing 
of this Act, and that the tiros of the wheels thereof are not less than 
9 inohoB in width.** 

It does not state what load has to be pulled, or what proportion 



INTRODIJOTOEY. 


25 


tlae width of tire of the trailer should bear to the load on the trailer ; 
it also does not limit the number of trailers^ so that the load per inch 
of tire on other vehicles drawn b^ the traction engine may bo greatly 
in excess of the traction engine itself. 

Note, — A Departmental Committee was formed and appointed 
by the Local Government Board in 1916 with the object of talnng 
evidence and making a report on heavy motor traffic, and as to 
what extent such traffic damages highways, and whether the cost of 
such damage should be imposed on the owners of these vehicles or 
on the highway authorities. The Committee has a wide reference, 
and the results of the deliberations are briefly set forth in the follow- 
ing recommendations : — 

*‘BOAD LOCOMOTIVES. 

The Committee do not consider that it would be desirable to reduce 
the permitted weight of traction engines, as any such reduction would 
increase the difficulties of dealing with the haulage of heavy loads, and 
while it is doubtful whether it would have the effect of reducing road 
damage to any appreciable extent in the case of lighter loads, it would 
undoubtedly tend to increase such damage in the case of heavy loads. 
Commercially it is impossible to prohibit entirely very heavy loads, say 
the Committee, and with such loads, heavier engines, if suitably tired, 
do less damage to the roads than lighter engines. 

"Wheel Bands and Cross-Bars. — With regard to the construction of 
wheels of road locomotives, the Committee recommend that the tire of 
each wheel should bo at least 5 inches in width, and that where cross- 
bars are used in driving wheels they should be placed at an angle 
which would secure that for at least one-half of the width of the 
tire there should always be one or two cross-bars in contact with the 
road surface. 

“ Theoretically, the statutory provisions in regard to the construction 
of wheels of locomotives seemed to be open tocritioism, but the Committee 
state that the evidence did not appear to show that they were considered 
to be inadequate by road surveyors generally. One witness, it was true, 
suggested that the provisions should be reviewed, and submitted proposals 
somewhat on the lines of the regulations as to iron-tired heavy motor 
cars, having in view as one object the seouiing of a line of demarcation 
between the locomotive and the heavy motor car by fixing for the former 
a minimum wheel diameter of 6 feet, and a minimum width of tire of 
14 inches. An examination of these proposers showed, however, that 
in the case of large diameter wheels of 6 feet and upwards the result 
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would be very nnioh. tlie same as under the existing provisions ; and the 
Committee added that as the traction engine did not itself carry a load, 
there was not the same need for regulating width of tire according to 
axle load and wheel diameter as there was in the case of the load-carrying 
heavy motor. 

“As regards narrow bands on steering wheels, several surveyors alleged 
that damage was caused to the roads by the use of these, though they did 
not all regard the matter as serious ; and as it appeared from the evidence 
of the users and makers that the bands possessed considerable advantage 
in the case of both road engines and agricultural machines, the Committee 
did not recommend their prohibition. 

“ The damage caused to roads by locomotive traffic was attributed by 
several witnesses from the road and tramways authorities to the use of 
orosB-barrod driving wheels, and, while the majority of these witnesses 
considered that the cross-bars should be absolutely prohibited, others, 
recognising the difficulties of prohibition, proposed alterations of the 
size of the cross-bars or the spacing. Witnesses representing the traction- 
engine industry and the users of heavy agricultural locomotives were 
strongly opposed to prohibition. They described the proposal as 
* impracticable ’ and ‘ impossible ’ ; they contended that smooth 
wheels, which wore the only alternative, would very materially reduce 
the hauling capaoity of the engines, would be useless and dangerous on 
gradients and in certain conditions of the road, and that with such 
wheels the heavy agrioultural locomotives could not be used about the 
farms and on the land. One witness asserted that * the engines might 
as well he scrapped if wo had to use smooth wheels,’ The Committee 
were satisfied that serious damage was sometimes caused by the oross- 
barred driving wheels, and they considered that a strong ease was 
made out for some amendment of the law in this respect. Total 
prohibition of the use of cross-bars appeared to us to be quite 
impraotioable, but they were of opinion that an amendment could 
be made which, without seriously reduoing the hauling capaoity of the 
traction engine or restrioting the use of the agrioultural locomotive, 
would nevertheless render the cross-barred wheel less injurious to 
the roads. 

“ In making the recommendations already mentioned, the Committee 
expressed the view that the use of oross-bars should not be permitted on 
wheels of a smaller diameter than H feet. 

" Springs, — As to the suggestion that locomotives should be constructed 
with springs on the axles, the Committee said they considered that suoh 
a requirement was desirable as tending to diminish the vibration which 
was caused by the passage of heavy engines over the roads. Moreover, 
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the use of springs was oompnlaory in the case of all heavy motor cars. 
This requirement need not, however, apply to road rollers or ploughing 
engines. 

“Locomotives which have been oonstruoted in accordance with the 
provisions now in force should not, it is recommended, be required to 
conform with any new requirements as to construction. 

“ Waggons drawn by Locomotives. — The Committee regard as anti- 
quated and unsatisfactory the provisions with regard to the weights which 
maybe earned on waggons, oarts,oto., drawn by locomotives, and they re- 
commend that these should bo repealed and now regulations substituted, 
based upon those applicable to vehicles drawn by heavy motor oars. 
They are of opinion that whatever may have boon the reasons for the 
restrictions between cylindrical and non-cylindrioal wheels, for prescrib- 
ing in the latter case only varying summer and winter weights, and for 
requinng a width of wheel proportionate in the one oase to the total load 
on the waggon (inclusive of the weight of the waggon), and in the other case 
to the weight on the wheel or pair of wheels (exclusive of the weight of 
the waggon), there was no adequate ground for retaining these distinc- 
tions at the present time. 

“ Several road surveyors suggested that the new provisions should be 
based upon the regulations governing the trailer of a heavy motor car 
whioh imposed a maximum limit upon the axle weight, and determined 
the width of the tire by reference to axle weight and wheel diameter. 
This suggestion, whioh the Committee had decided to adopt in principle, 
was not, as they understood, opposed by witnesses representing the 
traction owners and users, provided that no reduction was made in 
the weights permitted under the existing provisions. It was not, in 
the view of the Committee, practicable to require waggons to be 
provided with springs, their feeling being that it was preferable to 
encourage the use of springs by allowing additional weights on spring- 
mounted waggons. 

“The Committee do not suggest any alteration in the existing 
provisions whioh limit the number of loaded waggons drawn by a 
locomotive or authorise the highway authorities to allow upon roads in 
their own areas the carrying of loads in excess of the weights ordinarily 
permitted. 

** Notice to HighwayAuthorltles.— It was represented to the Committee 
on behalf of the road and tramway authorities that the damage caused 
by the haulage of exceptionally heavy boilers and other pieces of 
machinery was at times irrecoverable, because they were unable to trace 
the party responsible for the damage and to establish a case against him. 
Witnesses proposed that the road authority should be notified in advance 
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of the intended use by suoh traffic of any road in its area. Tlie suggestion 
generally made was that the notice should be sent to the county borough 
Hurvoyor, or to the county surveyor, as the circumstances required, 
and that the county surveyor shall be required to notify the borough 
and district surveyor conoorned. Some witnesses proposed that the 
notice should specify the road intended to be traversed and the day on 
which the traffic was to bo expected ; and some of them suggested that 
the road authonty should he empowered to select the route to be 
tak<m. Eor a notice to a county surveyor 72 liours* notice was desired . 
for a notice to a county borough surveyor, 48 hours' notice. 

“ The traction-engine owners and users did not ap 2 )oar to object in 
principle to the proposed notice, but they pointed out that cases arose 
where they were unable to give a 72 or 48 hours' notice, or where they 
oould not conform to a detailed notice specifying the particular roads 
and the particular day. 

“ The Committee ruled out as unduly restrictive the suggestion that 
the road authority should be empowered to select the route. It seemed 
to them to be clear that the notice, if it was to be of much value, must 
indicate the approximate route and the day on which tlie traffic might 
be expected ; and further, that some provision must he made to cover the 
practical difficulties referred to by the users. The case would, they 
thought, ho largely met if the regulations required suoli a notice to be 
given, and that wherever praotioable the notice should bo at least 
72 hours to the county surveyor and 48 hours to the oounty borough 
surveyor, or, in the ease of the metropolis, the city engineer of the City 
of London or the surveyor of the metropolitan borough council, and in 
any event notice should he given before the journey was commenced 
and before the engine was allowed to pass from one oounty area into 
another, 

** Speed Limits. — The Committee see no reason for altering the speed 
limit of 4 niihiB an hour in the country, hut express the opinion that the 
limit of 2 miles an hour in towns and villages is calculated to cause 
obstruction and congestion, and should be raised to 3 miles an hour. 

HEAVY MOTOR OARS. 

'*Tho Committee recommend that the unladen weight of the heavy 
motor oar ahould bo raised from 5 to 6 tons, and that the combined 
unladen weight of the oar and trailer should be raised from 6i tons to 
8 tons. 

Other recommendations of the Committee under this heading are as 
follows 
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“ (1) The definition of the unladen weight of a motor oar should be 
amended. 

“ (2) The maximum laden weight and ^the maximum axle weight 
should not be altered. 

(3) The minimum diamotor for wheels of heavy motors fitted with 
iron, steel, or other hard tires should be raised from 2 feet to 2 feet 

9 inches, and a scale of minimum diameters should be proscribed, 
according to registered axle weight, whore the registered axle weight 
exceeds 4 tons. 

“ (4) The edges of a tire of iron, steel, or other hard material should 
be rounded. Bevelled edges should not be permitted. 

“ (5) The diameter of any wheel of a heavy motor, which is fitted with 
a solid rubber tire or other tire of a soft or elastic material, not being a 
pneumatic tire, should not be less than 2 feet 6 inches. No regulation 
need be made as to the size or shape of the tire itself. 

“ (6) The existing law, which permits a motor car to be used to draw 
one trailer only, should be retained. Certain minor amendments should 
be made in the regulations relating to the use of trailers. 

“ (7) The present speed-limit regulations should bo retained, subject 
to the following amendments, namely, (a) that the speed for a heavy 
motor oar tired with iron, steel, or other hard substance should not in 
any case exceed 6 miles an hour ; and (6) that where a heavy motor oar 
draws a trailer and the wheels of both vehioles are fitted with rubber 
tires, the maximum speed should be 8 miles an hour. 

“ Wheel Diameter and Tire Width. — The Committee state that most 
of the witnesses who discussed the effect of iron and steel tires upon the 
roads expressed the opinion that an increased diameter of wheel was 
more important than an increased width of tire. They add : * There 
appears to be no doubt that any substantial increase in the diameter 
tends to dirainish the strain on the road due to the pressure of the loaded 
wheel. The reasons are obvious. In the first place, the use of wheels 
of large diameter increases the effective area of the road surface actually 
in contact with the wheels, thereby reducing the intensity of the weight 
pressure. In order to reduce the weight pressure, the area in oontaot 
with the road must be increased either longitudinally by an increase in 
the diameter or laterally by an increase in the width of the tire. Owing 
to the camber of the road, an iron or steel tire which is very wide does not 
secure effective oontaot for its whole width ; the limit of width at which 
such a tire ceases to be effective is variously given by witnesses at 8 to 

10 inches. On the other hand, assuming that the road surface is not 
absolutely rigid, it would seem that an ihorease of diameter is bound to 
result in an increase of the area in oontaot. In the second place, where 
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impact is set up by a vehicle in motion, the larger diameter tends to 
lessen the force of the impact, because at a given speed the larger 
diameter reduces the number of revolutions of the wlieel, and that 
reduction of the wheel speed has the effect of diminishing the force 
of the impact. In the tliird place, on a yielding surface the larger 
diameter reduces the resistance which the veiiiclo' has to overcome, 
and thereby lessens the strain on the road due to the effort the vehicle 
is making. 

** ‘ It is clear that on a yielding road surface, given the same amount 
of weight on the wheel, the small wheel penetrates more deeply, and 
the deeper the penetration of the road surface the greater the propulsive 
effort the vehicle lias to make. On the other hand, it has been pointed 
out with oonsidoTablo force that an increased diameter involves both an 
inoreaso of the unaiirung w<ught, due to the added weight of the wheel 
itself, and also an incToasc of the total unladen weight, duo to the in- 
crease in the weight of the gearing and axle, rendered noccssaiy by the 
inoreaso in the diameter of the wheel. Moreover, there are difficulties 
in the way of a larger wheel from the point of view of the height of the 
platform for loading, and of the probable curtailing of load space, We 
are, however, strongly of opinion that the advantages of an increased 
diameter outweigh the disadvantages.* 

“RKSTRIOTION OF IIFAVY TRAFFIC ON UNSUITABLE 

ROADS. 

Concerning the restriction of heavy traffic on unsuitabh^ roads, the 
Committee recommend that (existing motor-omnibus routes should bo 
loft untouohcd, but that new routes to bo ostablished must have the 
consent of the highway authority, or, if that oonaont was refused or was 
given siib](\oii to unreasonable oonditions, the consent of the Local 
Government Board. J^owors should bo oonforred on the Local Govern- 
ment Board and the road authorities to regulate through heavy motor 
traffic in order to secure that such traffic was, as far as practicable, re- 
quired to use the roads which wore oonstruotod to carry it, County 
eounoilB should be given power to regulate traffic upon a road which was 
under repair or rooonatruotion, and to divert the traffic on to another 
road. 

“ The Committee express the view that the evidence which had been 
given as to the soriouB damage oaTisod to a number of roads by motor- 
omnibus traffic, and the very heavy expenditure entailed in improving 
those roads to render them fit for the traffic, went far to prove that this 
traffic w^as exceptional in ohaxaoter, presented special difficulties to 
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Hgliway authorities, and required special treatment. They are of 
opinion tliat much of the damage and expenditure might bo avoided 
if there existed between the motor-omnibus compames and the highway 
authorities, both local and central, the closer co-operation which might 
be expected to result from placing motor-omnibus traffic under control. 
With closer co-operation it should often be found possible to abstain 
from using a road which was known to be unfitted for the traffic, or, if 
such a road must bo used, to carry out the necessary works of improve- 
ment before the service had commenced, and consequently under more 
favourable conditions and at less cost. 

“ Roads and Frost. — Several witnesses for the road authorities sug- 
gested that there should be some power to proliibit or regulate heavy 
traffic so as to protect from damage roads which were for the time being 
unfitted for the traffic owing to the break-up of a frost. The Committee 
doubted whether any scheme involving restrictions of heavy traffic in 
such circumstances was feasible, and they added that the solution of 
the difficulty appeared to lie, mainly, in the provision of road surfaces 
which were not liable to be seriously affected by frost. 


“SPECIAL QUESTIONS. 

“The Committee desire to place on record their conviction that 
the question of the strengthening or reconstruction of privately 
owned bridges over railways and canals is one requiring immediate 
consideration with a view to legislation at the earliest possible 
date. They are also of opinion that the public demand for improved 
facilities for road transport requires that the Local Government Board, 
and in the case of railway bridges the Board of Trade, should have 
more direct control than is given by the present law and regula- 
tions, so as to secure that heavy motor traffic is not hampered by 
the placing of restrictions on the use of bridges which are not in faot 
necessary. 

“ It appears to the Committee to be very desirable that the public 
funds should be made available to encourage the design and oonstiuc- 
tion of mechanically propelled vehicles calculated to cause less damage 
to the roads than some of the types at present in use. Facilities should 
also be given, by special licence or otherwise, to enable trials and demon- 
strations to be held of self-propelled vehicles which cannot ordinarily 
be used on the roads without breach of the law. 

“ Scotland. — As regards Scotland, it is suggested by the Committee 
that the law in foroe in England and Scotland should, as far as possible, 
be assimilated. The idea of the Committee is that where the provisions 
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in foroo aro practically identical, amendmonts corresponding with those 
which it is rt'comniondod should be made in the English provisions should 
bo made in tho Scottish provisions.” 

Motor Car Act, etc. —The wording of tho section dealing with this 
nuittor in tho Motor Oar {LocomotivrE) Act, 1903, is ns follows : — 

“ A lieavy motor onr may bo used on a highway if tho weight of the 
heavy motor car unladen does not exceed 5 tons, or if tho weight 
ot the heavy motor oar unladen with tho weight of an unladen 
vohicila drawn by it does not exceed Cj tons. 

Tlu‘ registen'd axle weight of an axle of a heavy motor oar shall 
not exceed 8 tons, and tho sum of all the axles of a hoavy motor 
oar shall not exceed 12 tons.*’ 

Tlie Act fiifther stijmlatcs that the tires shall bo flat and they shall 
have rounded edges. Tlie tires may bo ])latcd, provided tho spaces 
l)etween the plates in the course of a horizontal lino do not exceed 
altogotlior the width of tho tire. 

*' The tire sliall not be le-ss than inclios in width. 

** I’lu^ unit of axle wiuglit may vary according to tho diameter of 
tlie wheel. 

For a wheel 3 feet in diameter, tlui unit shall be 7^ owts., and 
1 ewt. is allowed f(»r every 12 inches excess diameter over 
3 feet. 

*• And if lesM than 3 feet, the unit shall be deoreased 1 cwt. for every 
Ti inohcH below 3 feet,” 

The ri'ason of this increase of unit is to bn found in the larger area 
that would l>e in contiU',t with a road surface with tho increase of tho 
diameter. 

'* Tlie axle weight of a trailer shall not exceed i tons. 

** The regulations applying to tho tiros of heavy motor cars apply 
also to tho tires of trailers.” 

Table VI. gives tho Braallost tiro and tho largest tire for wheels of 
difTenuil diameter and maximum load on the axle ; — 
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Table VL 


Diamebor of 
Wheel. 


Width 
of Tire. 


Weight 
of Load 
on Axle. 


Width 
of Tire. 


Weight 
of Load 
on Axlo. 


Unit of 
Axlo 
Weight. 


Sliced. 


inolios. 


2 ft. . . 6 

Trailer . . 3 

2 ft. 3 in. . G 

Trailer 3 

2 ft. 6 in. . 5 

Trailer 3 

2 ft 0 in. . G 

Trailer . 3 

3 ft. . . . 6 

Trailer 3 

3 ft 3 m. . 5 

Trailer . 3 

3 ft. 6 in. . 6 

Trailer . 3 

3 ft. 9 in 5 

Trailer 3 

ift. . 6 

Trailer . . 3 

4 ft. 3 in. . 6 

Trailer . 3 

4 ft. 6 m G 

Trailer . . 3 

4 ft. Q in. 5 

Trailer . 3 

6 ft, . , . 6 

Trailer . . 3 

5 ft. 3 in. . . 6 

Trailer . 3 

6 ft. 0 in. . 6 

Trailer . . 3 


T. 

C. 

inolies. 

T. 

C. 

2 

16 

16 

8 

0 

1 

13 

H 

4 

0 

3 

0 

13J 

8 

0 

1 

16 

7 

4 

0 

3 

6 

12i 

8 

0 

1 

19 

«i 

4 

0 

3 

10 

IH 

8 

0 

2 

2 

G 

4 

0 

3 

16 

a 

8 

0 

2 

6 


4 

0 

3 

17i 

104 

8 

0 

2 

6i 

54 

4 

0 

4 

0 

10 

8 

0 

2 

8 

6 

4 

0 

4 


10 

8 

0 

2 


6 

4 

0 

4 

6 

04 

8 

0 

2 

11 

6 

4 

0 

4 


04 

8 

0 

2 

12} 

6 

4 

0 

4 

10 

0 

8 

0 

2 

14 


4 

0 

4 

124 

Q 

8 

0 

2 

16} 

44 

4 

0 

4 

16 

84 

8 

0 

2 

17 

44 

4 

0 

4 

174 

84 

8 

0 

2 

184 

44 

4 

0 

5 

0 

8 

8 

0 

3 

0 

4 

4 

0 


cwt 



Eight niiloH per 
hour or to 6 
miloH per hour 
if the oar ox- 
ooods in weight 
3 tons un- 
laden, or has 
an axlo with 
an axle weight 
exceeding 0 
tons, or draws 
a trailer. There 
am oxooptions 
allowing higher 
speeds to oars 
fitted with 
pneumatio 
tires or tiros of 
a soft or olas- 
tio inatenal. 


The rules do not apply to pneumatic tiros or those made with a soft 
or elastic material ; no width is specified, as the praotioal necessities in 
such oases will doubtless be enough to secure the selection of tiros of 
suitable strength and durability and hence of adequate size. 

A trailer does not require registration. 

The weight must be printed in prominent letters on the vehicle : — 

U.W. . , . tons, i.e, unladen weight. 

A.W. . . . owt., axle weight. 

Speed , . m.p.h., maximum speed. 

Actual Examples. — These regulations are necessary, and are un- 
doubtedly enfomed in the case of the unladen vehiole, but it is very 
doubtful whether the axle weights are ever tested subsequently, when 
the vehicle is loaded and being used^ One example came under the 

3 
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notice of the writer. The back wheels of a loaded Foden steam motor 
waggon, when passed over a weighing machine, registered 9 tons 16 
owi;s. 1 qx., whereas the maximum axle weight for this vehicle is 8 tons 
— ^the aotual weight being about 20 per cent in excess of the weight 
allowed. Another example recentl 7 showed 12 tons on a 4-wheeled 
trailer, wheels 2 feet 6 inches in diameter, 7-inoh tread — i.c. 60 per 
cent, in excess of the regulations of the Act. 

Regulations of International Road Congress,— The general rule that 
the weight on a tire per inch of width should not exceed owts. is one 
that was approved by the International Road Congress at Paris in 
1908, and confirmed at Brussels in 1910 — although one delegate was of 
the opinion that the weight was too high It is undoubtedly advisable 
to consider, as is done in the Motor Car Act, the diameter of the wheels, 
and proportion the weight so as to encourage the use of a largo wheel 
ill preference to a small one. 

The speed and weights that were suggested at the International 
Road Congress are as follows : — 

SUGGESTIONS OF THE INTERNATIONAL ROAD CON- 
GRESS, WEIGHT OF VEHICLE, ETC. 

** (A) Publio-sorvioo automobiles cannot cause appreciable damage 
to the road provided that the maximum speed does not exceed 25 km. 
(16*6 miles) per hour ; the maximum axle load does not reach 4 tons 
on the heaviest axle, and that with wheels of 1 metre (3 feet 3 inches) 
diameter the load is below 160 leg. per centimetre width of tread 
(826 lbs. per inch of tread). 

(B) Industrial automobiles need not cause exceptional damage to 
a woU-oonsbruotod road provided the following limits are adhered to ; — 

“ First typo : vehiolos in which the axle load is loss than 4^ tons : 

Maximum speed 20 km. per hour™ 10 J miles per hour. 

Load on tires —160 kg. per oontimetre of width of tread of 
1 motre diameter™ (826 lbs. per inch of tread). 

“ In the narrow streets of towns and large cities, when vibrations of 
the ground arc to bo feared, it is possible to miniimse the inconvenience 
by reducing the speed in a suitable proportion. 

“ Second typo : vehiolos in which the maximum axle loads are 
between 4J and 7 tons ; 

Maximum speed™ 12 km. per hour (71 miles per hour). 

Load on tires™ 160 kg. per . centimetre of width of tread with 
wheels of 1 metre diameter. 
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“Provisionally and under reserve of the results of further ex- 
periments, when the diameter of wheels is above 1 metre the load per 
centimetre Avidth of tread should be calculated for both types of 
vehicles and also for such as are desonbod in paragraph (A) by using 
the formula. 

0 = 150 ^^^ 

where diameter in metres and C=thc load in kilograms. 

“ It IS desirable that experiments should bo undertaken in order to 
determine the maximum width wliioh can bo given to the tiros of aU 
automobiles, while still ensuring that under normal conditions the 
distribution of the load on the ground should take place over the 
whole carrying area. 

“ (C) Ribbed or grooved iron tires cause abnormal damage to the 
road, no matter what their width be or what load they support. 

“ (D) Vehicles propelled by moohanioal power cannot cause extra- 
ordinary damage to the curved portions of roads provided that at 
these points a sufiioiont super-elevation is given and that the curved 
portion is not approached or traversed at an unreasonable speed. 

“ (E) With a view to saving the roads, it is desirable that the car- 
builders go carefully into the question of olutohos and brakes, so that 
the skidding of the wheels may bo avoided ; that they also balance 
the motor as perfectly as possible, and that they allow a reasonable 
raising of the centre of gravity.” 

Frictional Resistance of Horse’s Hoof and of Motor Vehicle com- 
pared — It is not the wheel or the weight of the load on the wheel that 
damages the road so much as horses’ shod feot. In the case of a horse- 
drawn load weighing i tons, the frictional resistance is about 200 lbs., 
and if it le the case that a horse has always two feet on the road when in 
the act of drawing the load, the horse foot exerts a force of 100 lbs., 
or about 30 lbs., to the inch of calkin. If the motor vehicle is considered 
in comparison, the 200 lbs. is transmitted to two wheels and is spread 
over a further area, ue. the portion of the wheel tire in oontaot with the 
road surface is about 6 inches x 3 inches, therefore the frictional resist- 
ance would be about 6 lbs. per inch, or about one-lifth of the efEeot of 
the horse’s shoe. 

Rubber Tires. — Since the regulations that have been quoted were 
enacted, there has been a change in the material forming the .tires of 
vehicles ; and in the making of new regulations, which will have to 
be taken in hand in the near future, if possible, encouragement will, 
no doubt, be given to rubber-tired wheels, and less encouragement to 
studded tires than to tires composed wholly of iron. 

Tires more Resilient thim Road Material.— Road engineers would 
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welcome any tire composed of material more resilient than the material 
forming the surface of the oad, as obviously such tires imU have a less 
wearing effect than where the reverse is the case. 

^ Whenever regulations are enacted, the licensing authorities should 
exercise the power that is given to them to sec that the regulations 
are carried out when the vehicles are being used and at work. 

Set of Wheel. — What would seem to be a very important point 
that has been left out of consideration is the set of the wheel. If the 
vehicle is designed to fulfil the above reqmrements in regard to the 
weight of the vehicle and the weight on the axle, a stipulation should 
also be made that the wheels should be so set or shaped that the surface 
of the tire should be in constant contact with the surface of the road 
on \\hich it has to travel. The weight per inch of tire was obviously 
laid down with a view of spreading the weight over a largo surface of 
road, i e, the full width of the tire ; but the wheels of these motor vehicles 



are designed to run on a level plane, whereas every road has a consider- 
able contour or curve, and while one wheel in certain circumstances 
may be in full contact with the surface of the road, the other will touch 
the road for only about one-third of its width. 

Eecently, on an asphalt road, a motor waggon was traversing the 
surface, and one wheel was only in contact to the extent of 2 mohes 
out of the 7 inches width of the tire, and the pressure was therefore at 
the rate of three and a half timeB greater than the Act allowed, and 
the edge of the wheel was cutting into the asphalt. 

There must have been not only a strain on the road but also on 
the axle, as the wheel ia designed to transfer the load at right angles 
to the axle, whereas it was being transferred at an angle less than a 
right angle, causing excessive wear on the two opposite sides of the 
axle bearing, and eventually developing a wobbling motion in the 
wheel. 

In a perfect road surface the wheels of such a vehicle would never 
be in full contact with the surface of the road, and the two diagrams 
(figs. 4: and 5) show in one case, on a surface with a contour of 1 in 31, 
the outside of the wheel is off the surface of the road to the extent of 



INTRODTJOTORY. 


37 


^ of an inoh, while in the other case, where the surface has a contour 
of 1 in 14, the outside edge of the wheel is off the road to the extent 
of J of an inch. 

Gutting of Asphalt. — These figures are suffioient to show that the 
pressure, in such oonstruoted vehioles, is not evenly transferred to 
the road surface, and explain the cutting of the asphalt surface which 
has been so prominent on many roads, and which has been much more 
in evidence since the advent of motor traction. 

It is difficult to understand why the question has not boon con- 
sidered, because it has previously been the custom with horse-drawn 
voliioles to sot the axle of the wheel at an angle to the axle bod, 
and a careful examination of a number of horse-drawn vehicles 
shows that the tires are sometimes more worn on the inside or the out- 
side, depending on whether the average contour of the road on which 
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Fig. 6. 

the vehicle has been in the habit of traversing has been greater or less 
than that at which the angle of the axle has been set. It has been 
suggested to the writer that the wheels are sot verbical to the axle, so 
that when the load is placed on the vehicle it allows of a “ drawing-in ** 
of the wheels inwards, thus allowing the tires to adapt themselves to 
the road surface and be in full contact. This is, of course, neither 
sound theory nor good practice. If such a case did actually occur in 
practice, it would cause a pinohing-in of the road composition, and a 
strain which would tend very rapidly to deteriorate the best pavement. 

There is no insuperable difficulty in constructing the axle bearings 
so as to allow the wheel to conform to the contour of the road ; it may 
add to the coat of the construction of the vehicle to some extent, but 
the advantage both to the vehicle and to the road would offset fuoh 
extra cost. If road authorities were assured that the tires were always 
in full contact with the road surface, there would probably be a more 
generous view taken of the loads that should be placed on the vehicle. 

Mr A. B. Collins, M.Inst.O.E., in a very able article in vol. xlil. 
of the Jomnal of the InsUMion of Mvmcipal and Covfnty Engineers, 
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indicated by diagrams three difierent methods of oonstruotion of the 
driving wheels of heavy vehioles which would automatically conform 
to the contour of the road. 

Camber of Boads. — There is no doubt that a curved contour is not 
as desirable for traffic as a perfectly straight and level surface from 
side to side, but it will be found that many macadam roads have been 
built with a contour similar to that shown in fig. 6, which gives a curved 
contone neither a strict arch nor barrel-shaped — ^it is almost flat in tlip 
centre, and. more quioHy slopes as it approaches the channel. 

The camber of a road has to bo varied on account of cross falls, 
gulhes, crossings, etc,, and so it is usually the case that when the centre 
of the road and the channels are laid out, the remainder is curved more 
or less to the above shape as the eye directs. 

By such a curvature a vehicle is encouraged to traverse a greater 


vddth than might otherwise ho the case, and might with advantage 
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to itself and the road have the wheels set at 1 in 30. By this alteration 
the wear on road and on the tire would be decreased, and there would 
be less tendency to skid. 

Skidding of Vehicles. — ^The skidding of motor vehicles is worth 
inquiring into from this point of view. 

It must be obvious that the set of the wheels in a lino at right angles 
to the axle bed encourages skidding ; the weight of the vehicle is trans- 
ferred to the inner edge of the wheel, and this is balanced by a force 
at right angles to the surface of the road and a second force along the 
tangent to the curve from the centre of the vehicle outwards. When 
the vehicle is placed with its wheels equally distant from the centre 
of the road, the tangential forces act in opposite directions and thus 
balance each other, and the vehicle takes a straight course ; but when 
the vehicle is wholly on one side of the road, the pressure of the load is 
more on the “ near ” or the lower-placed wheel than on the off or higher- 
placed wheel, and therefore the tangential force is greater. Thus, if 
the surface of the road is inclined to be greasy, and the surface of the tire 
not in full contact, there is a tendency for the vehicle to slide towards 
the kerb, until the forces are balanced. 
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Points for User.— The adaptation of the tire to the road must reduce 
the wear, as otherwise the tire is continually in shearing until it adapts 
itself to the conditions of the road, as is the case with wheels shod with 
rubber tires. 

There are thus a number of rules which the designer and user may 
with advantage make use of, and whioh, if followed, would tend to render 
the task of the road engineer less onerous. 

Cost of Repair. — It has to be remembered that whatever expense 
a local authority may incur in tlie matter of the repair of the road, the 
user has eventually to pay a considerable proportion of the cost, and so 
should make whatever adaptations are possible. 

The Departmental Committee that is inquiring into the question 

G E 


A D 



JOXreprdaQntB soxfaoe ot road. S' 0- and V IT, the dbraotlon of the roBolred 

A B 0 D represeata the wheel of r^ole. foroes, F H being a tangent to tho ourve at 

B F, dlreotfon of load. the point F, 

of heavy motor vehicles ^ill probably make a searching inquiry into 
these various matters. The points raised may not appear to be of 
much importance when considered in relation to one vehicle ; it is, how- 
ever, those small matters that become large and important when they 
are multiplied by thousands. 

New Arterial Roads.— A considerable amount of attention has been 
devoted to the problem of providing new main or arterial roads, and 
while it Boaroely comes within the purview of a work whioh obviously 
is intended to deal v,ith. the engineering or oonstruotional part of roads, 
it is perhaps not out of place to mention the matter in the introduction. 

The first work carried out in opening up a new district is the forma- 
tion of a road from the nearest town or district in whioh roads are already 
built. The motor has, in a sense, discovered in an old country new 
areas ; the old roads serve part of the purpose ol opening up these areas, 
but they are often too narrow, frequently too oirouitous, they may have 
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SO many bends and bottle necks, etc., as to become unsatisfactory, 
and in oonsoquenco either entirely new roads, bye-pass roads, or im- 
portant widening sohemes must be provided to satisfy the requirements. 
Where there is a proved necessity, the various proposals have to be 
examined by the authorities as to their cost, their effect on the districts 
which they may avoid, etc., and generally into their merits. 

Local Interests. — The questions raised arc not easily disposed of : 
local interests of all kinds are at once brought forward in opposition, 
and the active construction hangs for a long period while these questions 
are disposed of. 

Town Planning and Road Improvement Acts.— Under the Town 
Planning Act of 1909 and the Development and Road Improvement 
Act of tlie same year, new roads can be actually formed or proposed on 
paper, the lands through which any road is proposed to pass can be 
sterilised, i,e after the date of notice, the owner of the land is pro- 
hibited from erecting upon the area proposed to bo used for the road 
any permanent structure. Whenever it is thought necessary the road 
can be constructed. Further, land may be purchased on either or both 
sides of the proposed road, and whatever increased value may accrue 
by reason of the road being so constructed through the land, the land 
BO purchased can be resold and by this means the cost of the road may 
bo Tocouiicd to some extent. 

These two Acts are, or could be, made to be a complement of each 
other ; where the powers arc laoldng in the one case they may be said 
bo provided by the other ; it only seems to require an agreement 
veen the authorities which administer these Acts to effectuate the 
losals. 

STo actual instance of a new road being carried out on these lines 
.s been, to the knowledge of the writer, dealt with as yet. On the 
other hand, new thoroughfares have been built in a few cases under the 
Town Planning Act or local Aots of a similar character, and in a few 
other oases a town-planning soheme has been designed and the lands 
sterilised. 

Defects In Town Planning Aot.'^ — Under the Town Planning Act, 

1 Under tho Housing, Town Planning Aot, 1919, amf^ndments to the Act of 1909 
have been made, and it is now the oaao that any local authority may prepare a town- 
planning Hohome without having first to obtain the sanction of the Ministry, and 
every borough and urban district with a population over 20,000 must prepare a 
floheme by Isb January 1026 The Ministry oan before that date require a sohemo 
to be prepared by a local authority whore they oonsider this oourse neoessary. Local 
authorities should from the outset oonsider the town-planning needs of their district 
with a view to making a complete town-plannmg soheme as time allows. The pro- 
cedure in oonneotion with the making of a town-planning soheme has been simplified 
by the new Aot. 
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sohemes have to be submitted to the Local Government Board and 
approved, and certain expenses are incurred. These schemes may bo 
ill timed, i,e. many years may pass before development will take place 
in the district, and therefore unnecessary expense is involved. It 
would seem desirable that the whole of the authorities should have 
the power to lay down the site of a road, or increase the width of a main 
thoroughfare, without having recourse to an Act which is only pormis- 
Bivo and not compulsory, because there are obvious arguments which 
would show that such a scheme may actually prevent the immediate 
development of the land in the distnet, and send those who wish to build 
upon it into other areas where the restrictions are not so far-seeing. 

Future Roads. — In the future, it will bo the case that either now roads 
will be made or the existing roads will be greatly improved or bye-pass 
roads constructed to enable traffic to pass round a town at which it 
has no reason to call, and thus relieve the town of a certain proportion 
of traffic which might otherwise cause a congestion. Local interests 
are found to bo opposed to new roads and bye-pass roads, because they 
are likely to take away from the frontages on the old road or from the 
town chance customers, i.e. persons who, although they may have no 
immediate object in visiting the town, may call and make purchases, 
etc. But there can be little doubt that such roads are, or will become, 
necessary for commercial traffic, and the roads must be made so as to 
cater for future requirements, and apart from local interests. 

Whether the time is or is not ripe for these new roads is a question 
of the amount or volume of traffic and for the general opinion oE the 
locality. 

Effect of Motor Traffic on Congestion. — There are a number of oases 
where a few years ago a road was obviously too narrow and congested, 
but since motor traffic substituted horsed traffic to a large extent, these 
comparatively narro^v roads do not appear to be so congested, mainly 
on account of the increased speed of the vehicles and the heavier loads 
they carry, thus requiring fewer vehicles to occupy the road. 

On the other hand, the time will come when the traffic will increase 
and the narrow roads wiU once again appear congested and necessitate 
increased width — or new roads, as suggested above. 

Width of Roads.— A diversity of opinion is noticeable in the disous- 
sions that have taken place on these new roads as to what width is the 
most desirable and as to what should be provided in the road. 

The business man says they should not be very wide. His opinion 
is that a person walking along the pavement of one side of the street 
should have a good view of the premises and goods placed In shops 
on the other side of the road. He points out that the best business 
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or shopping centres are in narrow roads ; from which one could argue 
that wide bye-pass roads round the town are desirable, and those in 
shopping centres should be left comparatively narrow , then, as has 
been pointed out, this deprives the same business man of the chance 
customer, so that it is evidently difficult if not impossible to satisfy 
all parties. The widths that have been suggested vary from 80 to 
260 feet 

Circular Roads. — ^These are striking illustrations of very wide circular 
thoroughfares, such as that in Brussels, which almost makes the cir- 
oumferenoe of the city ; but in this case a great portion of the width 
is taken up by a boulevard, and such a road with such a feature is an 
asset to the city ; but the actual road widths are not nearly so great as 
200 feet. Probably a total width of from 80 to 100 feet is sufficient 
for all traffic requirements, especially having regard to the fact that 
where the main roads had such a width the obstructions or hindrances 
from other traffic would be so small as almost, if not entirely, to be 
negligible, hence the average traffic speed is greatly increased. 

We have been so accustomed to slow traffic and to obstructions in 
narrower roads, that we are apt to exaggerate the requirements under 
faster conditions, improved surfaces, and freedom from obstructions. 

Congestion at Junction of Roads. — The real difficulties of traffic con- 
gestion are due mainly to the slowing up of traffic as it turns into other 
thoroughfares, at bottle necks, and by vehicles standing at business 
premises. There would be great advantages to the road as a whole by 
improving the methods at junctions, dispensing with bottle necks, and 
a width of 80 feet would allow for vehicles to stand at business premises 
in roads not provided with tramway tracks. 

As to what should be provided in the roadway is a question that has 
been equally discussed at length. Suggestions have been made that 
slow traffic, fast traffic, tramways and cycle traffic should each have 
their separate tracks ; in other oases, that tramways should be eliminated 
or given a specially allocated area, or that they should either occupy 
the middle or the side of the roadway. 

Tramways in Roads. — Prom a road-engineering point of view, and 
from the point of view of the general road-user, tramways are a source 
of great annoyance and trouble. They are undoubtedly of value to a 
considerable proportion of the general public, and undoubtedly were a 
distinct boon under horsed-traffic conditions, but few people would, 
to-day, with their alternative experience of motor buses, say that the 
general travelling public would not prefer the moto rbus to the tramoar. 

During a period of three months, the writer tested the speed efficiency 
of the motor bus and tram on the same road over a distance of li^ miles ; 
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for the greater part the road was of ample width, and the traffic had 
a free run, but for J mile of its length the road narrowed and the traffic 
was heavy. From fifty oonseoutive tests where the motor bus started 
after the tram had got some distance on its way, thero was only one 
case where the tram arrived first ; on two occasions they arrived simul- 
taneously, and on the remainder the tram was hopelessly beaten. 

Tramways as a rule occupy the best portion of the roadway, i.e., the 
centre, and thereby the public have to step over a portion of the road 
to the tramoar, with danger to themselves from passing traffic ; this is 
an obstruction to the traffic. The general traffic, where the trams have 
a frequent service, are debarred from using the centre of the road ; 
hence if by reason of the general traffic increasing to such an extent 
that the road has to be widened, the tramways are placed still further 
from their passengers. 

Effect of Tram Rails on Wear of Road. — One of the features of a tram- 
way track in a roadway is the steel rail ; the wear of steel is infinitesi- 
mal, and as it is placed in the road surface, composed of totally different 
material whioh wears in an observable degree, it necessarily follows 
that it will not be long before the rail will stand up above the general 
surface of the roadway. Granite setts are the least affected of any of 
the pavements that are used ; but it is admitted that suoh a pavement 
IS very noisy, the joints hold a certain amount of grit bi mud, and in 
large towns they are not considered a suitable form of pavement. In one 
case, the writer understands that ohiselled granite setts with fine joints 

inoh) are used ; suoh a pavement costs about £2 per superficial yard, 
and this pavement answers the purpose ; but in general suoh a pave- 
ment would bo considered as much too expensive, however long it might 
last. Wood pavements are therefore demanded, and in manv oases 
adopted ; here the difficulties become apparent, for tho wear of wood 
paving is suoh that, under heavy traffic and in a roadway where it is 
free from tram rails, it may be allowed to wear over 2 inches before it 
is replaced. But where the rail is inserted in the pavement, the renewal 
must obviously take place at a very much earlier period, otherwise the 
rail would be appreciably above the general level of the road and become 
a source of danger; henoe the cost is at least double what it would be 
in the ordinary road, and it thus becomes an expensive form of pavement. 

In roads in whioh tram rails are placed, asphalt has not been tried 
to any serious extent in this country; it is, however, extensively used in 
Germany, and there seems no valid reason why it should not be used 
here. The wear of asphalt is about half that of wood pavements, but 
it has not been found easy to make a good joint with the tram rail — 
a speoial mixture has usually to be made. Asphalt is laid usually about 
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1 inoh tliiok on a bituminous base, and one of the advantages of using 
asphalt is that the material that is left on the surface before it is re- 
newed can be removed and reused, hence the expense is not so great 
as it would be with other pavements. At the same time, the very fact 
that a steel rail is in the surface of a road composed with other 
material of more rapid wearing capacity, involves extra cost to the 
whole of the remaining surface above that of roads in which tram 
rails are not laid. 

Railless Cars. — In some districts railless cars are run by electricity 
provided at a generating station, but perhaps the greatest competitor 
of the tramway is the motor bus. 

It has been demonstrated in previous pages that the wear of a road 
by motor bus is not any more than would be the case by other vehicles. 
Since they were installed in London, the pavements have shown a 
decrease in wear over what was apparent under horsed bus traffic. 

Motor Bus preferable. — In consequence, if from every point of view 
the motor bus can be run as economically as the tramcar and can give 
similar satisfaction in regard to the carrying capacity, it should be 
preferred to tramways. The advantages are that they are able to change 
their route, in dense traffic they are actually faster than tramways, and 
they are available to the passenger at the footpath itself. 

The tram rails themselves, when they beoome worn, are a source of 
trouble to ordinary vehicles, the wheels of which are frequently damaged 
by becoming fixed in the groove. 

Tramways outside Road Area. — From these and other considerations 
of a minor character, the proposal is made by many that tramways, 
where they are to be installed, should bo in an area divided entirely 
from the roadway surface. 

International Road Congress on Trams and Buses.— The conditions 
for the use of pubhe-servioo conveyances other than tramways were 
considered by the International Road Congress, which passed the follow- 
ing resolution : — 

“ The Congress is of opinion that public motor omnibus service 
should be encouraged. That it is difficult at the present moment to 
decide definitely on the respective advantages of the two modes of 
transport, but that one forms the oomplemont of the other and not the 
rival, and the adoption of one or other method largely depends on local 
conditions. 

“ The progress of the motor omnibus and extent of the use of this 
method of transportation is capable of great extension — 

(а) by the use of wheels fitted with rubber tires ; 

(б) by any progress made in construotion. 
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“ The number of passengers oarried by motor omnibuses should bo 
greater for the town than for the country. 

“ In the study of new roads to be constructed in the neighbour- 
hood of large towns as well as in the open country, it may be useful 
to try, if it does not interfere with the general interest, to provide a 
sufficient road width for the construction of a light railway outside the 
roadway. The trace, the gradients, the designs of cross sections will 
be, according to the requirements, determined in such a manner as to 
reserve all the facilities and necessary safety for every land of traffic. 

“ It is desirable that the supplementary costs should be defrayed by 
the concession-holder or the constructor of the light railway, so far as 
the part of the road reserved for the rail track is concerned. 

‘*The construction of sunken rails in the metalled roadways are 
always harmful to the viability of the roads, and there results a marked 
increase in cost of maintenance. It is desirable that this method should 
be avoided as much as possible. 

“ The establishment of rails for tramways in paved roads makes the 
repair of the paving very difficult when abutting against the rails. It is 
necessary to diminish the nuisance as far as possible by appropriate 
methods. 

“ Where the railway is placed by the side of the road it is preferable, 
where the width of the road permits, to construct it on a special track, 
inaccessible for wheel traffic and super-elevated for greater safety. It is 
necessary in all cases to provide proper drainage. 

“If it is a case of metalled roadways, the concessionary or con- 
structor of the railway should bo obliged to constriiot on the outside 
border of the free roadside sufficient depots for materials for the repair 
of the road. The same obligation should in some oases be extended to 
paved roads. 

“The removal of trees along roadsides should not be tolorajUMi 
unless in extraordinary cases. If the width between the tree rows is 
insufficient for the rail track to maintain the recognised width for 
ordinary wheel traffic, the track should be laid outside the trees. 

“It is desirable that the conoessionary of light railways should 
undertake the duty of maintaining the area of the road or roadway 
oooupied by the rails or contiguous to same, or pay the costs of main- 
tenance. 

“Apart from exceptional oases depending on local oonditions, the 
construction of trackways in paved roadways can only be considered an 
expedient. 

“Except where it is possible to provide special reserved spaces, 
tram tracks are best placed in the centre of the roadiB^ and where so 
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placed, it is desirable to provide spaoe on either side for two tracks of 
vebioloB. 

The main trafiS.o roads should be so designed that spaces are pro- 
vided for tram tracks, fast and slow traffic, and standing vehicles ; and 
in such a way that they can proceed without unduly misang.” 

On the problem of new roads the following resolution was also 
agreed to : — 

“As a general principle, it is better that new main roads be con- 
structed to pass outside rather than through towns, and where an 
existing main road passing through a town is unsatisfactory for through 
traffic, it is often better, in preference to widening an existing narrow 
main road through the centre of a town, that new roads should be 
planned according to the science of town planning.*’ 

Junctions of Roads. — It may be that in the future the junction of 
two principal roads should bo made so that one road passes under the 
other, just as has frequently to be done on railways, where the delay 
to the traffic is of serious moment. 

ROAD MAINTENANCE. 

British Isles. — The maintenance of the main roads in the British 
IsloB is mainly the charge of the county councils, except whore they 
imsB through county boroughs, towns of 50,000 population or over, in 
which oaso tlio whole of the roads are controlled and maintained by the 
borough; but in the majority of those oases whore the roads pass through 
other towns, the local authority usually maintains the main roads, and 
the cost of such maintenance is refunded either as a whole or the greater 
part by the county council to the local authority ; in the latter case, it is 
argued that as the looal inhabitants use the main roads for local purposes, 
they should therefore pay for the looal use of the road, just as if the main 
rud was actually a looal road ; in other cases there are main thorough- 
fares whioh are not considered as main roads, and no allowance is made. 
In some oasos the county authorities maintain the main roads them- 
bbIvqb, and do not delegate the repair to the looal authorities. 

On the whole the system, whioh appears somewhat complicated, is 
simple and works satisfactorily under ordinary conditions, but at the 
proflont time, when the roads obviously require reconstruction and there 
is a largo area of roads in an unsatisfactory condition involving extra 
heavy taxation, State aid is being demanded to enable reconstruction 
to be carried out, after whioh, no doubt, the system of maintenance 
could easily continue, as the cost would be materially less than it is at 
the pxeeeat time. 
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France. — On the other hand, there are some who wish to see the 
main thoroughfares come under the State, as in France, where the 
“ Routes Nationales ” are, both as to construction and maintenance, 
under the control of the Mimster of Public Works, the administra- 
tion being delegated to the D6partement dea Ponts et Ghaussdes. The 
other subsidiary or bye-roads are controlled by the local authorities. 
There was evidently an element of dissatisfaction in this system from 
one cause or another, because it was anticipated up to the time that 
motor trafiS-C began to make itself felt, that the centralisation of the 
roads would bo altered and that even the Routes Nationales would be 
decentralised ; but apparently it was anticipated that motor traffic would 
damage the roads to such an extent that the cost would be a serious factor 
for the local authorities, or it was realised that motor traffic had brought 
into existence new problems that it was desirable to realise what it meant 
in the national welfare ; whatever may have been the cause, the fact 
remains that any such idea has now been abandoned. 

Germany, — Germany is divided into kingdoms or provinces in which 
generally the principal roads are State roads, which are maintained by 
the State ; but the administration of roads generally is not on uniform 
linos throughout the country, the system varies considerably in the 
different States or provinces. In some few cases there has been a ten- 
dency to transfer the main roads to the smaller unions, but in some of 
the larger States there has been a strong tendency to obtain control of 
even the bye-roads. 

Belgium. — ^In Belgium the State roads are controlled by the adminis- 
tration of the “ Ponts et ChaussSes,” but the provincial roads are under 
the control of the provincial authorities, and similarly the parish roads 
are maintained by the local authorities, 

United States of America. — In the United States of America, the 
country being divided into States, naturally each State has its own 
idea of the methods which should be adopted in regard to road adminis- 
tration ; the State of Massaohusetts stands out as one which controls 
and maintains the principal highways. 

State Control. — State control has its advantages and its disadvan- 
tages ; theoretically the advantages outweigh the disadvantages, but it 
IS very doubtful whether in practice it actually is so. It appeals, 
mainly from the point of view of finance, to many districts which are 
sparsely inhabited and where the rateable value in oomparison with the 
mileage of roads is low. In the British Isles there are, as has been 
mentioned, counties which include large towns and small towns, but 
when the large towns have a population of 60,000, they can apply for 
the status of a county within its own area ; thus the county of which it 
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|in*viuiiHly formotl a i)iirt ia doprivud of the rateable value of that town 
far t he muint4‘iiitii«<f of ita roiiAa and for other jiurposea, and the remain- 
nt>i iii'i-a iiiuy, if adjuatiucnta are not made, be aubjeoted to Bomewhat 
Iifikvier liiMitioii if tlie rouda in partieulHr are more, auve.roly treated by 
a ute.K inereiiae in trullie and financial aafliatanco thereby becomes 


iiei ewirj . 

Sluie ciHitnd, however, ia not desired when it becomes a question of 
I lie iieli\e iiiiiuaneinent of till* rnada ; there ia a atrong feeling against it, 
liiiii this ia eauaed by tin* impTeHaion that the Imitate ia a nomcompetitive 
hiulv, there ia no aiiirit of emulation, aa ia now the caao where districta 
•'om|H'te willi eiieli otlier, there aeeina to be no ineentive, no enoourago- 
nteiu lo new ideas and metlioda, which are diaeouraged or looked upon 
j.ee|iHeidh, eaiieeially it they come from any peraoii or body outside 
the Stale Uejiiirtineiil. Tliere ia tlie impreaaion also tliat the State is 
de\.inl of hvm|iidlielie (reatiuent. The oonatant examplea of public 
opiiiioii fiireing tlie Slate to move in a direction which is apparently 
iigHiiisl the opitiiona of tlio Department in control ia irritating and 
annoying, and tiie eomiiariaon with those examples where there is de- 
eent raliai*il i*ontrol la not favourable to control by the State, hence the 
ltn*ferejiee ia iniiuli more Mtrongly in favour of State aid as distinct from 


State (loiitrol, 

iidininiatration eniiaea eompetitivu activity, one area against 
Its iii-tgliltonring area ; any progreaHiveneaH in one district soon has its 
elT.-il on the adjoining dial riels, wliere the difference in administration 
IN iioiiiieable ; a ajiint of emulation is aroused and encouraged. 

So keen ia tliia competitive or progresaivc Bjiirit that there arc many 
exaiitplea where the imiinivpineiits and geiinrol administration of a par- 
linilnr district so far excels tliat of another or othor authorities that it is 
qiioiecl as an rxnnt i.lc to be modelled upon. This would not occur under 
St ate control. H i-» frequently the ease, however, that where emulative 
.|.irii IS low. the loads ill piirlicular have been following the old methods 
and liecDine with increasing traffic worse and worse. 

Statt AW. --An njijH'al is mado for State aid, and not infrequently 
I In. IS granted, whereas the other district winch has progressed andim- 
orovrd Its mails ia left, without any assistance, to follow its own methods, 
ahnili have proved advantageous financially and soonomioally. 

If Ktale aid is granted it should be given equaUy to those areas 
«h.n. the .dniinistration is auom>«rful and the roads improved, «id 
mon- in profmri.on. or a penalty should be *5® 

autbunttes. because otherwise it is only an encouragement to the mam- 

b. t, i..ul . . .odd b. d^ 
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vised, based on tbe cost of maintenance of a suitably paved road, the cost 
of whioli will be in direct proportion to the amount of traffic passing over 
the road. Those areas where the maintenance costs are on this basis should 
receive the highest proportion of State aid; where the costs are higher, with 
a lower intensity of traffic, the proportion should be lower. An inquiry 
would discover whether any serious endeavour had been made to lower 
the cost of maintenance, and where it was so proved, then a grant or 
loan could be made to execute a larger area by an improved form of 
construction. 

Road Board. — The demand for improved surfaces of roads in Great 
Britain was so great immediately prior to 1909 that the Development 
and Road Improvement Act was passed by Parliament in that year 
and the Road Board was formed. There seems to be little reason why 
the Act should not be so administered that it should do all that is 
demanded by the various parties. 

The funds available to the Road Board prior to the war were obtained 
from the tax on petrol and the carriage licences, the income in 1914 
being about £1,600,000 per annum. The expenditure by tlio main road 
luitlioritics was about £3,000,000 

Ordinary Maintenance.— The Road Board ^ takes the view that the 
local authorities are charged with the maintenance of the public high- 
ways, and no assistance can be given towards the cost of ordinary main- 
tenance. Where, however, a work of reconstruction is proposed— even 
if it only involves tar painting, — ^the cost of such work is in a proportion 
met by the Board either by loan or grant. 

This position is undoubtedly strong, and in the interests of improved 
road surfaces, which was the aim of the Development Act. 

New Roads, etc. — However willing the Road Board may be to allocate 
funds for the purpose of reconstruction, the funds are not sufficient to 
carry out this work on a very extensive scale for all authorities ; it is 
an opinion expressed by many that much more might have been done 
by the Road Board, because a very large sum has been accumulated, 
but it seems to have been allocated to some other purpose, apparently 
to new roads, bye-pass roads, and works of this character. 

Road Experiments. — The Road Board has carried out excellent work 
in providing funds for extensive experimental road structures in various 
parts of the country in order to test those processes which might prove 
to be economically efieotive under moderately heavy traffic. 

^ The Eoad Board is now abolished, and the duties oonfeixod upon it by the 
Development and Road Improvement Act, 1909, have been transferred to the Road 
Department of the Ministry of Transport, wUoh oame into existence on let October 
1919. 

4 
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Aft H wault of tho war, it ih probable that either the funds at the 
lUnpuma) of tho Board wliioh have been allocated to new thoroughfares 
will Ih’ rt'ij»nHidort‘d, or new HOurooH of inoome assured to the Board in 
•*rdt*r to iiHKUt tlio authoritifs over the diflioultioB that have arisen ; the 
romln tliruu^hout the country have iieoeasarily been starved in conse- 
i|ii«*nrc of I he HhortaKi' of both labour and material, and the traffic has 
in numoruiift c«ho« ln'cu griMitly in excesR of the normal for work of a 
iiitlitHry natuitst. A Urge amount of road construc.tion has been oarried 
nut ftiiriiig the war by the Hoad Board for the military authorities. 

Nsw Ro«dt and Road Construotlon.—Thcre are a number of 
|i 0 uplc* who think that new arterial roads should be put forward 
for tTotiBlriictiuu HO that tlie work would provide employment to the 
m«'H returning from the hattUsliolds. Tlie cost o[ such proposals is 
dtvntiMt iiiht two purtK, (1) the purchase of tlie land and compensation 
fur tiiJilurbuiiee, I'fe., iiml (2) t.ho aonstruction of tho road. With regard 
irt (1), if tlie land irt ripis fur devtdopment, it might bo given up for the 
|iur|HW of the road, but if it is not ripe and has to bo purchased, the 
comi may Iki very grt*at and di^ionds on its position. It is not an ox- 
cirMive rMimnte to nay tlnit tho cost of rcoonstruotion of 4 miles of 
road would mint hh muuli as 1 mile of a new thoroughfare. 

If ihia IH the tiaw», then it in evident tliat reconstruction will give 
muff* work l« lalimir, will benolit a vastly greater amount of traffic, 
ami will til H eiuiMidernble extent reduce tho cost of maintenance to the 
lucjftl aiitliiirifie^. tind will imddontally assist in jnoviding for tho in- 
evttiilile iulltu f>f mntur trafiio which has set in after the war, and tho 
oauM» uf whielt liaa already been indicated. 

Rotd Board Polloy.— Probably tho policy of tlie Hoad Board will bo 
modifled ; it in wholly a question of finance that is the cause of the trouble, 
and the inen*aiied price of matoriala and labour, wliioh will undoubtedly 
rrtnntn luueh higher than jire-war rates, will not in any way tend to 
liflhton It. The probleTii of raising tho funds neoossary to bring about 
tha rwjoniitruotion of roada will bo one that will require very careful 
rotiftide ration, 

Batmordlury TrAfBOt — When roads are subjected to a sudden and 
UttfotvftPi^n amount of trafllo which is of a more or less temporary ohar- 
Aflirr, it III jKimiiblo for the local authority to claim from the person 
rr.«fianftib!e the ooftt of the damage that this traffic has caused to the 
fund- ovtT which it travelled. In the majority of oases that have 
«f?ciirrrd the damage ia admitted and paid for— in some oases it is not 
worth pfvMitig, and in a few caaea it Is disputed. There are oases, for 
•UDipla, whara a now reservoir is to be built in a country district, and 
tba oartaga o! materials to the oite is of such volume and weight that the 
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roads over whioL it ia taken have never been called upon to oater for, 
and they would not after the worlcs were completed have to oater for any- 
thing like this volume or weight. This is clearly a case of extraordinary 
traffic. So would the case of the removal of the oxoavations for the 
tunnels of a railway, as was the case in London ; the surplus was taken 
over some side streets which were never expected to withstand such 
traffic 

One would scarcely expect to find that a business concern that had 
a quarry from which a few tons of material were carted to various places 
would be called upon to pay for extraordinary damage merely because 
they increased their output and employed motor veliiolos to deal with 
it. Yet the Courts seem to have decided that there was extraordinary 
traffic, and that it must therefore be charged with some proportion of 
the cost of the damage to the road 

The Motor Car (Locomotive) Act definitely prescribes the weight 
of the load, the diameter of the wheel, and the width of the tire ; 
this being the case, it is only logical to assume that the roads over 
which these vehicles travel must be made of such material that they 
will withstand these vehicles. Then, provided that the vohioles con- 
form to the reguiations, there should be no claim for extraordinary 
traffic, except in the cases similar to those described above. 



CHAPTER II. 


MACADAM ROADS. 

Macadam. — TI ub type of road is so common all over the country and in 
foreign countrioB that it will be diffioult for many who have become so 
accustomed to it to realise that this form of construction is one of 
the most unsatisfactory from almost every point of view. It has been 
thought that the road is cheap to construct and not expensive to 
maintain, and the fact that it has been allowed to continue is due to 
the fact that the expense of maintenance is an insidious growth. It is 
only two years ago that the writer came across several oases where the 
cost of maintenance was estimated at from Is. 6d. per superficial yard per 
annum to 2 b. -Id. per superficial yard per annum. The suggestion that 
whenever a macadam road cost Is. per square yard per annum to main- 
tain it should be dispensed with and asphalt or wood paving substituted, 
because it was cheaper and more satisfactory, was regarded with in- 
credulity. This, however, is becoming more and more recognised as the 
riglit view, and macadam roads are being considered as an antiquated 
form of pavement which should be replaced with paving more scientifi- 
cally constructed. 

The International Road Congress naturally considered this form of 
construction in all its bearings, and a resolution was passed unanimously 
and without discussion as follows : — 

Macadam carried out according to the methods of Tresaguet and 
Macadam causes mud and dust, is expensive to maintain, and is suitable 
in large cities only for streets where the traffic is not very great or 
heavy 

Having regard to such a condemnation of a road structure that has 
been the vogue for so many years, and which has received such attention 
from road engineers throughout the world, it is excusable if, in a work 
dealing with modem road oonstruotion, this form of structure is dealt 
with in a manner which may be said to emphasise the defects and tend 

K9 
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to hasten its abolition or substitution for a structure more in accord 
with the requirements of the public. 

The writer considers that even for streets with light traffic a 
cheaper and better form of construction can be adopted, and 
that there are few instances indeed where the macadam road need 
be installed. 

The method of constructing a water-bound macadam road is so well 
known, and so fully described in many other volumes, that it would 
seem superfluous to deal with it hero. It is necessary, however, to do 
so, as there are a number of details in the construction from which 
valuable inferences may be drawn. 

** Macadam ” is a name that has been given to stones of granite, 
basalt, limestone, flint, etc., broken for road purposes to a size of about 
1)-, 2, 2^, or 3 inches. The word is derived from John Loudon Macadam, 
an engineer who, in the early part of the nineteenth century, conceived 
the principle that if stones were broken to a size of 2^ or 3 inches, and 
placed on a road to a depth of from 6 to 8 inches, they would wedge 
themselves together and form a good road surface. 

Tresaguet. — Previous to Macadam was Treaaguet, a French engineer, 
who advocated a foundation of rough stones, gradually lessening their 
size to small material. 

Telford, later than either of these engineers, divided the road into 
two parts, the foundation and the surface structure. The foundation 
was composed of large rough stones placed by hand in the excavated 
ground, and the crevices left in the surface of these rough stones were 
packed and filled with smaller material. He then placed on the top of 
this foundation Macadam’s sized stones, and added a surface layer or 
coating of gravel about IJ- inches thick. 

Telford Foundation. — This type of foundation is known as the 
“ Telford foundation,” and it is accepted as the most satisfactory form 
which has been devised, except concrete. 

Present-day Macadam Road. — ^The surface construction of the present- 
day road is not the same as that of either Macadam or Telford. The 
size of stones is about 2 inches ; that is, they are so broken that they 
will pass through a 2-inch ring, and they are laid in two 4-inoh layers, 
which are each rolled to 3 inches ; the interstices are filled with granite 
ohippings, with fine material of a somewhat loamy character, or they 
may be filled in with gravel or hoggin, in which loamy material is naturally 
placed. Thus the total depth of macadam is 6 inches. 

This is termed a macadain road, although the construction differs 
materially from Macadam’s methods, and more nearly approaches to 
Telford’s ideas. 
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A sketoli of the Telford foundation and the modern macadam road 
is given in hg. 8. 

Although Telford’s foundation is accepted as a model, it is only 
adopted where the material can be suitably and cheaply obtained. 
There are many miles of roads which have not such a foundation. In 
many oases it will be found to be composed of the hard clinker from 
the destructor furnaces ; in other cases the broken bricks from buildings 
that have been pulled down are used as “ hardcore.” 

Modification of Telford Foundation. — In such instances there is some 
variation from the above-described methods. The road is excavated to 
a depth of 18 inches below the finished surface, and, if the nature of 
the subsoil is of a loamy character, is filled with about 18 inches of 
clinker refuse in large pieces or hardcore (not less than 6 or 6 inches), 
and IS subsequently rolled with a steam-roller weighing about 12 tons, 
until the hardcore is 6 inches below the finished surface. If after con- 
tinuous rolling the subsoil will absorb more material, this is added 
until no further depression is evident. On this foundation the two 
layers of macadam described in a previous paragraph are laid. 

Settlement of Modem Macadam Road. — The surface of a macadam 
road newly laid does not maintain itself, as traffic forces the stones out, 
and thus loosens the surface. If, however, the road is carefully watched 
and allowed to properly dry out before the traffic comes upon it, and if 
the traffic that is allowed to come upon it subsequently is fairly heavy 
and continuous, the surface will more satisfactorily keep its position. 
Where the traffic is occasional, the surface is not maintained, and it 
becomes necessary to occasionally re-roll to force the stone into 
position. 

Effect of Hardness of Stone. — The harder the granite, and the harder 
the stone and fine stuff that composes the matrix, the more difficult does 
it become to obtain a permanent surface. The softer the stone {e,g, 
limestone), the more easily crushed it is, and a good surface is more 
quickly secured. 

The writer is of the opimon that the rolling on the macadam causes 
a grinding between the stones from which a cementing dust or fine 
impalpable powder is evolved. As the roller does not continue at work 
long enough to make sufficient fine material, the stones are easily dis- 
placed, but subsequent heavy. traffic increases the grinding and more 
fine material is formed. If a man watched the road and carefully re- 
placed any dislodged stone, after a few days there would be little necessity 
for the steam-roller to perform any “ back rolling.” Such rolling is 
scarcely necessary on roads formed with limestone, because of the fine 
dust that is readily formed by the action of the roller on the stone when 
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the latter is plentifully supplied with water. In other words, the work 
done by a roller on the new road is equal to several months* wear. 

Cementing Power of Dust Powder. — It is well known that almost 
any material if ground to an impalpable powder, with moisture and 
under pressure, will form into a mass. For instance, flints will not 
adhere if they are ^ inch, 1 inch, or 2 inolies in size, but if the stone is 
further broken to very fine particles the sand will, with moisture and 
under pressure, become somewhat solid. An example of this may bo 
seen by the oonsiderablo depth that can be dug on the seashore without 
support, or in pits whore sand will retain a vertical face for a considerable 
time. If this sand could be ground still finer, no doubt its cohesive 
properties would bo proportionately greater ; if, however, the moisture 
is in excess, the mass wiU not adhere. 

Granite is composed of a number of oxides of silicon, potassium, 
iron, magnesium, etc. ; these materials may, when in a finely ground 
state with moisture, react chemically and form a binding agent of more 
or less power, and the cementing result that is desired is attained. A 
loamy or ferruginous hoggin is frequently added to the fine material 
so that combination may more quickly take place. Whatever the actual 
process going on, it is almost certain that this fine impalpable powder 
is essential to keep the stones in position to form a good surface in a 
water-bound road. It is equally clear that this grinding is continuous 
with the traffic, as there is quite 100 per oent. more fine material in a road 
that is worn out than was originally placed there. 

New Road Composition.— A newly made road is composed of granite 
and hoggin in somewhat the following proportions : — 

Granite 65 to 60 per oent. 

Hoggin 26 „ 36 „ 

Moisture 6 ,, 10 „ 

A road that is in excellent condition is composed in the following 
proportions : — 

Granite About 66 per oent. 

Fine material , , . . „ 46 ,, 

Moisture 6 „ 

A road that is worn out and requires repair has the following pro- 
portions : — 

Granite 40 to 46 per oent. 

Fine material , . . , 46 „ 60 „ 

Moisture B „ 10 „ 



MODHBK ROAD CONSTRUCTION'. 

Elleot of Moisture.— The above figures will show how it is that an 



old. road is more muddy than a new road in wet weather. In suoh oiroum- 
stanoes there is an excess of moisture which acts as a lubricant, the large 
stones being forced downwards through the fine material, which comes 
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up to the surface. If this fine material is not removed, the moisture 
will evaporate in dry weather, and the traffic will compress the mud into 
a compact and solid mass again. Thus the surface becomes smooth and 
even, showing the cementing properties of the impalpable powder. 

Another phase to be noticed in the action of moisture in excess is 
that if material of different specific gravities are in the composition, 
the material which has the lowest specific gravity will come to the sur- 
face and remain there, while that of higher specific gravity will sink or 
assume a lower position. It is therefore essential that the materials 
composing a road surface should bo as nearly as possible of the same 
specific gravity. If, however, there should be a material of low specific 
gravity, it should be so placed in the structure as not to be easily 
moved from its position. 

It is interesting in this connection to note that if a quantity of large 
material is placed with a quantity of fine material in a box and vigorously 
shaken for some time, the large material will find its way to the surface ; 
but if pressure is applied the fine material is forced upwards. 

Drainage of Roads. — ^From the foregoing it will be quite apparent 
that an excess of water on a road surface and in its structure is detri- 
mental, and therefore any rainfall should be immediately dealt with. 
The contour of the surface should be so designed that the water may 
pass as quickly as possible to the channel, and the channel should be 
so graded that the water shall pass equally quickly to the gully. The 
macadam surface is not so regular as other surfaces, and in order to 
obtain these results the faU from the centre of the road to the sides is 
greater than for any other form of road surface. 

These roads, as a rule, have an average fall from the centre to the 
sides of 1 in 20, but this figure is not constant. 

On a level road, or one with a slight grade, the ohazmels must have a 
faU of 1 in 160 to 1 in 180, the guUies being placed 160 to 180 feet apart, 
the nearer the better, in order to more quickly remove the water from 
the road. It wiU be evident that the contour, if 1 in 20 at the apex 
of the guUy drainage area or break of the road, will be much greater 
at the guUy itself (see A and B in fig. 10). 

When, however, the grade is a steep one, that is, greater than 1 in 60, 
there is no necessity for a fall of 1 in 20 from the centre to the side. In 
fig. 11, which is a half plan of a road, A B is the centre lino of the road, 
D C G is the channel, half the centre third A E of the road has a fall of 
1 in 144, and the remainder has a fall of 1 in 37, this being calculated the 
fall of a barrel-shaped contour. Suppose that the road has a longitudinal 
f aU of 1 m 50, both in the centre of the road and in the channel, it will be 
seen that if lines are drawn from A at 30^, 46®, 60®, etc., the water will 
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take a oourae in the direction of A C, i.c. at an angle somewhat less than 
46® from the centre line of the road. Thus the fall from the centre of 
the road to the side might be greatly reduced. 

The centre third of the road is shown to have a fall of 1 in 144, and 
as the direction of the water will be in the direction of A C, it would 
therefore seem that if a road has a longitudinal fall of anything greater 
than 1 in 100, the contour, without detriment to its capacity for throwing 
the water off its surface, can be modified in the direction suggested, i e, 
instead of making the road “ barrel-shaped,” the curve of the centre 
third should be continued regularly to the side, as shown in fig. 6 by 
the dotted line. 

Kinds of Road-building Stones. — ^The material forming the surface 
of the modern macadam road is generally of granite, which is a 
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technical but also a popular name for all plutonio rooks used as 
macadam, and equally applies to syenites, diorites, andesites, diabases, 
gabbros, etc. 

In many parts of the country these rocks are not available, and the 
freight charges from the quarries make the stone too expensive. Local 
authorities have therefore had to fall back on the next hardest material 
available — ^whioh is usually limestone, ragstone, or flint, etc. ; each is 
used in precisely the same way as granite. Limestone and ragstone make 
a very white road, very dusty in the summer and muddy in the wet 
wintry weather. Flint probably gives throughout the year a clean and 
most pleasant appearance, ^“.e. a reddish-brown surface ; but the stone 
easily breaks up to fine grit and wears very rapidly. 

Iron and steel slag are used in large quantities in the Midlands and 
in some parts of the North of England, where it is locally available. 
The road so formed makes a very muddy surface under trafBo in wet 
weather. 
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Quernsoy granite finds more favour in the South of England than 
any other stone, on aooount of its good wearing qualities. 

In the Midlands, the granite from Glee Hill and Leicestershire 
similarly finds a more ready market, while in Lancashire and 
Yorkshire the Penmoenmawr granite is extensively employed in road 
oonstruotion. 

In Scotland, where granite of various qualities is obtainable, the local 
stone is used, and this is also the case in Ireland. 

Size of Stone. — ^The custom, then, is to use the locally obtainable 
stone and not to consider too closely whether it is better or worse than 
outside material, although this is kept in view. The difierence in the 
oost of the various stones is always an important factor, and although 
one may be harder and have better wearing qualities, the manner in 
which it is broken will quickly nullify all its other advantages. Stones 
should be broken as nearly as possible to a cubical shape in order to 
obtain the best rosults, but there are many stones that have been sent 
from the quarries so broken that although they may have been just 
able to pass a 2-inoh nng in one direction, in the other direction they 
would easily pass l-inch. 

These shell-like stones are easily broken under traflB.o oonditions, 
and the stone is frequently on that account disparaged. 

Attrition Test. — Probably the best test for obtaining an accurate 
idea of the wearing qualities of the stone under the best oonditions is 
the attrition test. 

It is carried out by means of a rotary cylinder 11 J inches diameter, 
in the inside of which is placed three ribs 1 inch x 1 inch. Four lbs. of 
broken stone IJ inch diameter are placed inside this cylinder, which is 
revolved at the rate of 20 revolutions to the minute, until 8000 revolu- 
tions have been made ; the stone is then removed, and the total weight 
of any chippings retained on l-inoh sieve, and of all dust in the oyb'nder 
and on the stone, is found and its percentage of the original weight 
determined. Similar tests may be made of 2-inoh stone, and also under 
wet oonditions ; the latter is carried out in a similar manner to the dry 
test, but ^ gallon of water is added. 

The following percentages for the stones mentioned on previous 
pages will show the relationship of the various granites — ^they are 
taken from the tables which were made by Mr Lovegrove, M.Inst.O.B., 
the borough engineer of Hornsey ; the machine used was that designed 
by the late Mr T. de Oourcy Meade, M.Inst.O.B,, city engineer of 
Manchester : — 
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Tablb VII. 


Material 


Gnemsey granite ^ 2 ^ ™ 

Quenast granite (Belgium] 
Glee Hill granite . 
Penmaeniuawr granite 
Flints . 


Slag 

Limestone 


Ohipa. 


Dry. 

Wet. 

Dry. 

0-44 

•05 

0 78 

1-70 

06 

0-16 

0*00 

0-00 

2 03 

0-00 

0 00 

6 00 

0-00 

0 14 

244 

2-34 

2-73 

1182 

O-OO 

1-32 

8-20 

1-85 

3-95 

17-63 


Dnst, 



Wet. 

Average. 

Specific 

Gravity. 

10-40 

8-69 

2 86 

9-91 

8*03 

2-86 

4-54 

3-73 

2-76 

8 45 

7-22 

2 91 

3 70 

3-10 

2 73 

0 08 

10*46 

2 63 

14-40 

11-30 

3-02 

30-71 

24-12 

2-71 


The chips and dust made in this machine are merely examples of 
what will happen under sbrolar conditions, and it is suggested that, even 
if the conditions do not apply in a road, the relationship of the dust- 
mahing qualities of the various stones is estahlished. 

Effect if properly embedded. — ^If, however, these stones can be em- 
bedded in a mortar or matrix which will prevent movement and reduce 
the grinding to a neghgible quantity, then in this respect the test has no 
value, beoause one class of stone would have equal value with another. 

Toughness. — piece of stone is taken and made cylindrical, 3 inches 
long and 1 inch diameter, and the test made with a hammer on the 
principle of a pile-driver ; the weight of the hammer is 2 kg.; the fall 
is 1 cm. for the first blow, 2 cm. for the second, and so on until the failure 
of the test-piece occurs. The number of blows is the toughness. 

Cementing Value. — A. kilogramme of the stone is broken to pass 
through a 6-mm. screen, but not so small as to pass through a 1-mm. 
screen. It is then moistened with water and placed in an iron ball mill 
containing two chiUed iron balls weighing 26 lbs. each and revolved at a 
rate of 2000 revolutions per hour for 2 J hours, or until the material has 
been reduced to a thick dough, the particles being reduced to 0 6 mm. 
About 26 grm, of this material is then placed in a cylindrical metal die 
26 mm. in diameter, and by means of a hydraulic press is submitted to 
a pressure of 100 kg. per square centimetre. Five of these briquettes 
are taken out and allowed 12 hours in air and 12 hours in a hot oven at 
100° C. After cooling in a desiccator, they are tested by impact in a 
machine similar to that described under the head of toughness, except that 
the weight of the hammer is 1 kg. and the drop does not exceed 10 om. 

The standard fall of the hammer is 1 cm., and the average number 
of blows required to destroy the bond is the cementing value. 
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Hardness or Coefficient of Wear. — Hardness is the resistance which 
the stone offers to the displacement of its particles by friction, and 
varies inversely as the loss in weight by grinding with a standard 
abrasive agent. 

The test-piece is a oyhnder 3 inches x 1 inch diameter, and placed in 
a grinding machine in such a manner that the base of the cylinder rests 
on the upper surface of a circular grinding disc of oast iron which is 
rotated horizontally by a crank movement. The specimen is weighted 
so as to exert a pressure of 250 grm. per square centimetre against the 
disc, which is fed from a funnel with sand of about li mm. diameter. 
After 1000 revolutions the loss in weight of the sample is determined, 
and the coeffioienoy of wear obtained by deducting one-third of this loss 
from 20, 

Comparison with Concrete. — In oonarcte where broken bricks, clinker 
refuse, and other kinds of somewhat hard material are used as the aggre- 
gate, abrasion tests would be of no service ; the aggregate in this case 
takes a secondary place, and the cement takes the premier position and 
18 severely tested before use. The cement and sand forms the matrix of 
the concrete, and it will be the matrix of the bituminous macadam 
which wiU be of the first importance in road construction. The aggregate 
wiU be of secondary consideration, and will have to come into line with 
the matrix ; and if the stone is too hard, a softer material will have 
to be tried. 

The stone wiU become exposed to the beating of horses’ feet and 
the friction of the driving wheels of a motor vehicle. Some test will 
probably have to made or designed to test the capacity of the stone to 
resist this form of treatment. 

It is, however, undoubtedly the case that the^e attrition tests have 
been of great service in assisting engineers to make their choice of a 
material which would improve the water-rbound methods of construction, 
but they give no criterion of the life of a pavement ; otherwise pieces 
of wood similar to that used in wood paving, if placed in the machine, 
would probably show no attrition. It is recognised that wood paving 
lasts longer than any of the best granites in a macadam road, and so the 
test is applicable only to water-bound macadam roads. 
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WEAR OP ROADS. 

Wear on Macadam Roads. — In the year 1831 a Select Committee was 
appointed to inquire into the efEect of steam- propelled vehicles on public 
highways Sir (then Mr) John Maoneill gave evidence, which was to 
the efEect that the wear on the roads was, in his opimon, due to the extent 
of from 60 to 80 per cent, to the traffic, and from 20 per cent, to the 
weather ; 20 per cent, to coach wheels, and 60 per cent, to horses’ feet ; 
and where waggons are employed, 20 per cent, to the weather, 35*6 per 
cent, to waggon wheels, and 44:-6 to horses’ feet. 

It is only within the last two or three years that an example practi- 
cally confirmed these conclusions. A road A had been accustomed to 
a certain amount of traffic which was tabulated. Another road B was 
to he closed for repairs or improvements, and the traffi.o that had been 
in the habit of traversing the road B was for some months to bo trans- 
ferred to road A (the traffic of road B had also been noted). The cost of 
the repair of A under normal conditions was compared with the repair 
under the extraordinary conditions, and the difEerence was not found to 
be proportionate to the increase of traffic, but there was an increase 
which was put down to weather conditions, the results being very 
similar to those obtained for the above-mentioned Committee. 

Wear due to Traffic. — In other instances the wear is almost whoUy 
due to the traffic ; one might easily be led to consider that a mistake 
had been made if the wear due to the weather was made to be much 
larger than the wear due to the traffic, although it is possible that at the 
time the conditions were all in favour of such a conclusion. Probably, if 
a critioal examination had been made at the time, a difEerent result 
would have been obtained, which would have caused the methods of 
construction to be seriously amended, if not abandoned. 

Wear on Frost-bound Road. — The illustration that brought the subject 
into question was the manner in which a traction engine had been stuck 
deep in a field but easily got out when the moist earth became frost- 
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bound. It was also noticed that a vory weuk ruad < amU | 

traffic satialaotorily under frost oonditioiiH. t w niai ' *** ’ **** 

frost-bound during the time the traffio from rtmt S iii« k • ii ra\ rMiifi 
it, the wear would have been no more^ *i » i , 

had been the ease without B’b trafifio. 

Wear on Moist Road.—If a wator-luiuiui nunl ih tit a \rri nauM 
condition it would be quite unable te wit liiitiunl ht’-a\> Mr ig »t imu 
tinuous traffic for very long. CoiiBequiMitly* it J»Mt fin* trulliM, /*»r 
. but rather traffic in combination with tiertniu uufiiXfMUiit.U' xuniUvs 
conditions. 

Division of Wear.— Wear due to the woiitlu^r. wUhiuU Irrtllu, 
be an exceedingly smaU item ; traflio wtmr on KniiiH»' ih hUm h mimll 
Item, as is evidenced by the long-lasting proportim of itrmutr in » 
paved road. .Macadam roads are mainly aoininwil of ittnl 

material equally hard in itself, so that wear «in ft wuti*r bnutiil inni'iiilMin 
road may be divided into three sootions : — 


1. Surface wear due to the traflio ; 

2. Surface wear duo to the woather ; ami 

3. Interior wear due to the woatlior untl intonHiliiMl liy llir frftlliM 


If the wear under section 1 is smallj and uikUt *2 miil *1 1» lur^fn. ibi’ii 
if any moans can be applied to eliminato thu wofttb^r rlTmiii in ilir^ 
sections, the cost of road construction mu«t bo ooiwicloraWy drnrniiJiptI ; 
in order to gain some idea of the pro port ionii to be allwAlrtl to moh 
section, it is advisable to oonBider the aotual wear nii ntlirr rlniuN** of 
pavement. 

Comparison of Wood Paving, Asphalt, and Macadam. Uni* ui ilir 
most satisfactory forms of pavement iw that <if mift wimhI TIim jihtr of 
a red or yellow deal may not bo oouHidcred nt firAt iiiglii tii Iim im nrli able 
to resist traffic wear as granite; similarly, asphalt would not bo oan«dor«d 
from its structural appearance to have as good a wearing Tiukt m granilo 
As a matter of fact, this oonolusion would lio a |x»rfcHitly logttiiiiair nnr 
if the granite could be laid down in a shuot from oiilo to Mtlo , imwover, 
granite is not so used, as it would be too ulipiwry, but in bmktui up iiiUi 
macadam, and it is remarkable how in thio rorm tlm graniio Iomui tUi 
superiority, and the wood paving and the aaphalt prove more MUafaoUiry 
in every way. 

It is obviously the ease, therefore, that the itoao ie not at ladt, but 
he structure or method of adaptation. 

Comparison of Wood, Asphalt, and Ma(»dan!U---For oomparUoo 
purposes, a good class macadam road, properly oonatnioted, with a good 
foundation and with a certain amount of heavy traffic, ImU about two 
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years, Tte same road, with the same traffic, if laid with concrete founda- 
tion and 2-inoh layer of rook asphalt, would remain with an even surface 
for probably twenty years. Similarly, the same road, if laid with soft 
wood paving, would wear satisfactorily for quite fifteen years, and at 
the end of the periods there would be a mass of asphalt or wood which 
could be re-used. The asphalt need only be remelted and treated again, 
and the wood blocks could be cleaned and used for repair purposes. 
The writer has taken out all blocks 3 inches and over in thickness which 
have been in a road over fifteen years and re-used them in roads under 
heavy traffic, and in some oases they have been down five or six years. 
After this road had been repaved the same blocks have been cleaned and 
sorted and used for repairs again. 

Effect of very Dry Weather and of very Wet Weather.— An examina- 
tion, of a macadam road on a dry windy day will discover a large amount 
of grit in the channels and occasionally on the footpath. 

Similarly, on a wet day, with continuous heavy rain, the channels 
will be covered with a thick coat of fine muddy grit. The road may or 
may not have had much traffic upon it. If the traffic has been heavy 
the road is in a heavy clogged condition, and the mud is either in a 
condition for being eaedly swept by a scavenging gang, or a heavy rain 
will still further wash this material to the channel. live or six years 
ago these conditions were observed, and an examination of the records 
of the tonnage swept on a wet day showed that the weight was two and 
three times greater than in the case of the amount swept up on a dry 
day. The moisture in the mass would not account for the whole of the 
difierenoe ; it was obvious that the weather had brought up from the 
interior of the road a considerable quantity of gritty material. 

At the International Eoad Congress in London, 1913, there were a 
large of number of papers submitted and discussions took place on the 
gist of opinions expressed in those papers In a large measure the 
resolutions that were approved were of a very general character, as is 
natural, seeing that there are no two countries in the world where the 
conditions are exactly similar. In the British Isles we have a moist 
atmosphere all the year round ; in other more extensive countries 
the atmosphere is either dry or much less moist Then, as regards the 
weather, it is in this country somewhat as was described by an American 
commercial traveller who, when he returned to the United States, was 
asked what he thought of the weather here, replied : '' Very good as 
samples ” — ^from which one might infer that when a rain occurred in 
America there was a continuous downfall, or if a frost it would last a 
considerable time, and so on, whereas here we may have rain, frost, and 
snow on the same day. Such weather has a very bad efieot on pavements, 
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and special precautions have to be taken which would not be necessary 
to the same extent elsewhere On the other hand, the range of tempera- 
ture here is within more reasonable limits, and would be easier to cater 
for than in those oases where the range was much greater, or on a higher 
or lower scale. 

Conclusions at International Road Congress on Weather.— From the 
Resolutions passed by the International Road Congress, the following 
are extracted : — 

“1. Weather conditions are amongst the most powerful influences 
which cause deterioration of roads, and that the destructive effects of 
weather can be minimised by effective waterproofing of the road surface, 
with suitable drainage for the foundation. 

“ 2. Any considerable volume of traffic, consisting of either heavy 
vehicles or high-speed light motor oars, has a seriously damaging effect 
on water-bound macadam roads. The damage caused is effected by the 
balancing of the motor, the ratio between propelling power and adhesive 
weight ; the weight of unsprung portions of the motor, the progressivity 
of action of the brakes, the system of springing, the type of tires 
employed, the diameter of the wheels, the width of the rims, variation 
of speed, and adhesion and other factors. 

“ 3. The damaging effect of heavy motor vehicles can be minimised 
by the use of wheels of large diameter ; tires of a width properly adapted 
to the weight of the axle load ; rubber or elastic tires and suitable 
springs, and that all reasonable means of reducing the damage to roads 
caused by such vehicles should be enforced. 

“ i. Except in the case of sharp curves, light motor-car traffic does 
not cause serious or exceptional wear or damage to properly made 
macadam roads which have been treated or bound with tarry bitu- 
minous or asphaltic materials. 

As regards horse-drawn vehicles, it is also desirable to study the 
relations between load, width of rims and diameter of wheels, and more 
especially the shoeing of horses. It is also necessary that power should 
be given to local authorities to prevent the deposit of refuse from the 
fields and earth upon the roadway by the wheels of agnoultural carts. 

“ 6. There is a great lack of precise information in regard io the various 
causes of wear and deterioration of roadways, and that it is desirable to 
collect more information compiled on carefully devised scientific methods 
standardised as far as possible for the purpose of comparison, and to 
make further systematic study of these causes, 

“ The International Permanent Commission is charged with the pre- 
paration of a programme of observations, studies, and experimentst’* 
Comments on these Conclusions. — These resolutions are based in 

6 
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a very large measure on tlie efEeot that the traffic has upon roads which 
are unsuited to the traffic now coming upon them, whereas in pre-motor 
times these roods did not so easily become damaged, owing mainly 
to the fact that the traffic was not so great either in speed or weight ; 
for example, the ejects are seen on macadam roads clearly, but they 
are less dear on both asphalt and wood paving, and scarcely noticeable 
on gramte setts. It would be difficult to say that speed has a dele- 
terious ofeot on a road pavement, when on a good road the tractive 
ciiort of a vehide travelhng at high speed is only about 35 to 40 lbs. 
per ton, whereas the efEort for low speeds is about 19 lbs. per ton. 

The Satisfactory Road Structure. — ^The secret of the satisfactory 
road structure is wholly contained in the “ maintenance of an even and 
regular surface ” ; the difficulty is to obtain a structure that will give 
this surface and at the same time be reasonable in cost, s.y. a road made 
of rustless steel would have an indefinite life, and none of the observa- 
tions put forward in the above resolutions would apply, because the 
causes of damage there mentioned would not afieot such a surface; 
but the cost of such a road structure would be so great that no authority 
could afiEord to lay it down. To go to another extreme, one could 
probably secure an almost pure rubber pavement, but the same argu- 
ment apphes as to its coat ; the two examples of rubber pavement 
coming within the knowledge of the writer cost about £6 per superficial 
yard, whereas local authorities are demanding road structures at a 
cost of from 2s, to 6s. per superficial yard. There is a wide difierence 
between these figures. 

The Best Substitute. — ^Instead of accepting the ideal material, road 
engineers are endeavouring to secure something which is probably at 
best a cheap substitute, and because it is difficult to make the substitute 
do as much as the ideal, available but expensive material, owners of 
vcliicles are being asked to assist by suiting their vehicles to conditions 
required by the substitute. This is a perfectly reasonable attitude, 
because in any case the user has to pay a proportion of the cost, and he 
ought therefore to be willing to assist as far as possible. 

But the question arises as to whether any material alteration is 
possible. It has not been decided which of the two damaging factors 
is the more deadly — weather or traffic. The writer is strongly of the 
opinion that the weather has by far the most damaging efieot on 
macadam, and to a small extent on asphaltic pavements ; it has least 
efieot on wood paving and granite setts, and would have little efEeot on 
the iron oi rubber pavements mentioned above. 

Weather and Traffic. — It has already been mentioned that weather 
effects arc trifling if there is no traffic. This must be obvious, but the 
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point that is intended to be laised is that the weather has some dehnite 
effect on the pavement, so that when the wheel comes into contact with 
the area so afiected the road structure is thereby damaged, probably 
by the weight of the load on the wheel, the speed, or a combmation of 
both. Damage that is so caused brings about unevenness at that 
point ; and once unevenness makes itself apparent and is not remedied, 
the vehicle, by means of the transference of the shook due to the use of 
springs, causes excessive or alternating extra efiects, ie, an excess of 
the usual weight and speed efieot on the neighbouring area over which 
the wheel has to traverse. Thus these adjoining areas become affected, 
and eventually it is spread over the whole length of the pavement. 
This IS demonstrated on the diagram (p. 96), and the deduction is 
that the trafiBlc is only a subsidiary cause ; the real cause is, as will be 
gathered, the e&ct of the weather on the material composing the 
structure. 

INVESTIGATIONS ON THE WEAR OF WOOD PA’^NG. 

In order to investigate the matter still further and to endeavour to 
discover the proportion of wear due to the traffic and to the weather, 
the rate of wear was taken of the wood-paved roads ; it will be gathered 
that there would be no internal wear of wood pavements, it would be 
wholly surface wear due to traotional resistance. Table VIII. gives 
the results for the year 1914r-15, and included in the table is the wear 
of the pavement averaged over a period of three years prior to 1914:. 
The date when the pavement was laid down is also indicated, its life 
m the year 1918, and the estimated life of the pavement based 
on the rate of wear divided into the depth of 2-00 inches, which is the 
hmit of wear allowed. 

It will be noticed that in several cases there are roads in which wood 
pavement has been laid and the actual hfe exceeds the estimated life 
of twenty years. The hfe of a pavement is limited so far as the oaJ- 
oulations are concerned to twenty years, even if the figures permit of 
a longer term. 

Depth ol Block according to Volume of Traffic. — It is also clear 
that in several instances it would have been equally satisfactory and 
less costly if the blocks had been i inches or even 3J inches deep. It 
might even be more advantageous to lay the shallower blocks in main 
thoroughfares, as after a period of nine or ten years there are weak 
places in the pavement due to inequalities of the timber, which are 
developed by heavy traffic, and cause more frequent repairs to secure 
the even surface and use to the full the blocks in the remainder of the 
pavement. 
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Table VIII. — ^Wood Pavinq. 
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Namo of Hoad, 


Tabliii VIII. — continued. 
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Table VIII. — oontinued. 
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Rubber-Tire and Steel-Tire Effects.— Thore iw alwo evidenoe in these 
figures that the rate -of wear is decreasing. This is duo to tho fact that 
rubber tires are in more oonimoii uho on all olaases of vohioles, both 
heavy and light, and it is the tiro that is taking a proportion, of tho 
wear which has boon mainly confined to tho paving. "V^orever there 
has been a great increase in commercial motors, as in Wandsworth 
Rridgo Hoad and Now King’s Koad, the rate of wear is not decreasing 
to the same extent as, say, on the J<’ulliam Road, this being due to the 
fact that steel tin^s an^ used on tho majority of commorcial vohiclefl. 

A very fair idea of the rate of wear is obtained, and it will be seen that 
it works out at slightly less than 0*09 inch per annum over the principal 
roads. In many cases it is loss than this figure, and in a few it is greater ; 
but compared with the year 1909 it is a reduction of about 25 per cent., 
as the avorago rate of wear in that year was just below 0*12. 

Repair of Roads. The table must be taken in oomiiarison with a 
rt‘f)air tiibli*. It will be noticed that the repair averages l'59d. per 
superficial yard per annum, but in previous years it was only Id. per 
Huperficial yard per annum. 

It will not be out of place to give the record of the cost of repairs 
to tho principal roads during the past ten years, and in Table IX. the 
cost of repairs are given worked out per suporfioial yard. 

Average Cost ol Maintenance of Wood Paving.— The average cost 
over tho ton years is also given. The keeping of such a table is of great 
value to the engineer of a local authority in control of the roads, because 
he can by inspection ostimato the expenditure that has to be provided 
for over a number of years, and an average sum can thus be allocated to 
each year which, if not expended in that year, can be carried forward to 
the next year, when double the amount of work may have to be carried 
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out. By this means the rates can be equalised. It also indicates whether 
the rate of expenditure is going beyond its proper hnaits for repair. 

Life of Paving. — The life of a pavement cannot be taken strictly by 
means of measurements — it is only a useful guide ; it depends largely 
on the degree of satisfaction that is required in the locality. In some 
oases we hear that renewal cannot be delayed beyond nine years, where it 
is desired to maintain the road m perfect order ; in one or two oases the 
period is fixed at even a lower figure. 

But, in the writer’s opbion, both these views are extreme ; it may 
of course be necessary, when there are tram tracks, that the pavement 
should be renewed at more frequent periods than would be the case 
V7here the road surface is free from steel rails, which do not wear so 
rapidly as wood paving. It will be seen by olosely examining the table 
that the only road with tramway tracks costs very much more for repairs 
than any of the other roads. The examination includes the age of the 
pavement, also the fact that only half the road width is maintained by 
the local authority, and it would be fair to say that only half of the 
traffic uses the area so maintained, the other half using the tramway area. 

Renewal of Wood Paving. — It may be necessary, where there is 
a great intensity of traffic, to renew in preference to repair, because 
of the difficulty in carrying out repairs whilst the traffic is occupying 
the greater part of the road continuously. 

Apart from these extreme cases, there is no apparent reason why 
stitch-in-time repairs should not be carried out, in which case the pave- 
ment will last twice the length of time mentioned above. 

Weak Places. — The lack of attention to the weak places is the main 
cause of the damage that is subsequently made apparent. This is dealt 
with in detail when considering the problem of foundations of roads, 
which is explained on page 97. 

As a rule soft-wood paving under moderate or heavy traffic does not 
require any appreciable attention during the first six or seven years of 
its life. There are cases, however, as wiU be seen from the table, where a 
new or re-pavement has been laid down, and where a number of repairs 
have been necessary in the first years of its life. These have been 
mainly due to subsidences of sewers, water-main difficulties, etc. 

Analysis of Costs of Maintenance. — Assuming that a figure of 9d. 
per superficial yard is the limit of cost of the paving that is to be put 
down during its life of, say, twenty years or less, and that the pavement 
apart from foundation costs is 7s. 6d. per square yard, then djd. repre- 
sents the cost of the pavement, i,e. the original cost divided by its 
estimated life. Suppose the cost of repairs during the first six years 
of its life is Jd. per annum, or a total of 2d. per superficial yard, the 
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repairs afterwards will be in a gradually increasing scale to keep it in 
a satisfactory condition ; then during the next fourteen years of its 
life an average of 7d. per superficial yard pei* annum can be spent on 
repairs, so that the cost of the pavement during the twenty years 
would not exceed 9d. per superficial yard per annum. It will bo 
seen from an examination of the whole of the cost of repairs of the 
roads under review that the costs have not exceeded 2'6d. per super- 
ficial yard per annum. It may therefore be taken that the cost of 
the paving has been considerably under 7d. per superficial yard per 
annum, and the most expensive roadway is under 9d. per superficial 
yard per annum. The traffic which those roads are being subjected to 
is given on page i and facing page 82. 

Census of Traffic. — The next point to consider is the traffic which 
caused the wear on these wood-paved roads. A census was taken in 
March and April 1909 and again at the same places in June and July 
1914 over a week at each of the twenty places determined upon.^ 

The daily and weekly averages are shown, and the weights taken per 
vehicle are also indicated ; they are similar to those which have been 
ietermined by the Road Board. It is open to doubt whether they 
really represent the loads, because the probabilities are that on a prin- 
3ipal road such as Fulham Road the weights would be higher than on 
jhe others, because the vehicles would be more heavily loaded, seeing 
jhat they are passing through the borough, whereas in the others the 
vehicles would be only partly loaded, through having distributed the 
;oods they carried in the borough itself. 

A comparative table has also been included which gives the percentage 
)f decrease or increase on the census which was taken in 1909. 

Rate of Wear according to Tonnage. — The tables facing page 82 give 
he results so obtained, and indicate the wear per 100 tons of traffic per 
'■ard and per foot of width of roadway per day. 

It is perhaps necessary to make a few explanatory comments on 
he columns indicating the rate of wear. 

The average works out at 0*027 inch per annum per foot of width 
ler 100 tone of traffic per day. The width of the road has some influence 
n the wear, as it may unduly concentrate the traffic if it is narrow or 
pread the effect of the traffic if it is wide. The amount of steel-tired 
nd horsed traffic also has its influence ; for example, take the case of 
Vandflworth Bridge Road : here the percentage of both steel-tired and 

1 A map of Fulham showing the roads that are wood paved, asphalted, and sett 
md will be found at the end of this volume. The positions where the census were 
bhen in each case are also indicated. The periods were token as representing the 
irtions of the year when a fair average of the trafi^ could be seoured. 
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horsed traffic is eq[ual to about three times that of the average of the 
other toads, and it is a remarkable coincidence that the rate of wear is 
just about three times the average rate. Again, in the caRo of North 
End Road, the percentage of horsed and steel-tired traffic la about twice 
that of the roads showing average wear, and here again the rate of 
wear is nearly twice that of the average rate. 

One is therefore inclined to draw the inference that, as there seems 
to be no other reason why the rate of wear in these oases should be so 
much higlier, that the steel-tired and liorsed traffic wears the road 
structure in a direct proportion to the ratio of percentage of such traffic 
to the total traffic passing over the road. But although this contention 
may be supported in some of the examples, there arc other cases whore 
Buoli a rule does not apply, and therefore it is inadvisable to do more 
than note the fact for future examination. 

The figures given in this edition are difEorent from those mentioned 
in the first edition. There are several reasons for this : one is that the 
traffic in the 1914 census was taken over twenty-four hours, and in 1909 
it was only over twelve hours ; another is that the traffic has changed 
very considerably. There was in 1909 a much larger percentage of 
horsed traffic and steel tires, and therefore, as lias been indicated 
previously, this would account for the xeduood rate of wear. 

There are several oases in the table where the measurements are 
omitted ; this is duo to heavy repairs having boon carried out, and the 
figures would in consequence be misleading. 

Rate of Wear In Direct Proportion to Weight of Trafflo.— -Where the 
road has boon laid down over twelve years the wear is likely to be 
greater than on a pavement which has a lesser ago, and this will account 
for ratio not being absolutely complete ; but after full oonsideration it 
must be oonoodod that there is distinct evidence that the rate of wear 
is in a direct ratio to the weight of the traffic. 

If a lino of railway be taken as an example, it could easily be proved 
that the rate of wear is entirely and directly due to the traffic passing 
over it, and honoe there is more justiBoation for assuming that the con- 
tention set forth above is likely to be a true one. Rate of wear of a 
pavement depends upon the olass of tires used upon it, and from the 
examination one may fairly oonolude that rubber tires should he 
onoouraged for vehicles traversing the road surface. 

COMPARISON OF WEAR ON MACADAM. 

The above figures do not prove what the wear of the surface of 
macadam road is. It, however, indicates the amount of wear on a 
material of a softer character than granite, and that the wear should not 
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be exceeded where granite is used in the road surface. It will be 
acknowledged that in the case of the use of granite setts the wear would 
not be as great as that shown for wood pavements ; and similarly, where 
the road surface is composed of an asphaltic material (fine sand or grit 
and bitumen or natural asphalt), the rate of wear is much less. There- 
fore, on a macadam road the wear due to traotional resistance is amply 
allowed for by assuming the same rate of wear on the macadam road as 
for wood paving. 

In order to estimate the traffic on the macadam roads, all traffic such 
as motor buses, motor cabs, motor lorries, light tractors, trailers, and trac- 
tion engines were eliminated — those being considered as through traffic 
not touching the bye-streets, which are macadamised. A proportion of 
the other vehicles may also be considered to be through traffic, but it was 
not thought advisable to exclude them, as probably some of the motor oabs 
and light motor veliicles may have their destination in the district where 
there are motor garages, or the roads are wood paved or asphalted. 

In 1909, when there were 61 miles of macadam roqds, it was thus 
estimated that 40 per cent, of the traffic of the main roads, which were 
wood paved, passed over these bye or subsidiary streets, and in this 
figure only about 60 per cent, of the horses touched these streets. The 
rate of wear then was ^ inch on the whole of the wood paving, represent- 
ing about 360 tons of wood fibre per annum. In 1914 the rate became 
reduced to ^ inch, representing about 260 tons of wood fibre. Since 
1909, however, the macadam roads are reduced in length by 10 miles, 
this area having been reconstructed with asphalt, so that now it is much 
more difficult to find the amount of traffic passing over the reduced 
area of macadam roads. In 1914 only 20 per cent, of the traffic was 
estimated to pass over the combined area of asphalt and macadam roads. 

Weight of Manure, Grit, etc, — The amount of manure, wood fibre, 
and grit, including that from the side roads brought on to the wood- 
paved roads, was observed to be as follows : — 


Tablb X. 



Date. 

Weight of Du8t» oto. 

Rainfall. 


1909. 

tons. 

owts. 

qrfl. 

inohea. 

June 28 

, , 

11 

16 

1 

oai 

29 

, 

14 

18 

0 

nil 

„ 80 


14 

15 

1 

oae 

July 1 


14 

2 

1 

nil 

2 

, , 

14 

10 

2 

nil 

9 


14 

14 

3 

nil 



80 

3 

0 
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To still further test the aocuracy of those figures, the weight of the 
manure, etc., was observed over a mile of the principal road : — 

Table XI.~Fulham Road (One Mile) 

Dry Weather. Wet Weather. 


Date. 

Weight of 
Manure, etc. 

Rainfall. 

Date. 

Weight of 
Manure, etc 

RainfoU. 

1910. 

tonB. owts. qrH. 

inohea. 

1010. 

tOIlB. owtH 

qra. 

3 

inchoB. 

April 4 

1 « 

2 

ml 

April fi 

2 G 

0 06 

7 

1 1 

2 

OOJ 

M 0 

1 0 

2 

0*03 

,1 « 

1 1 

3 

0 01 

„ 13 

1 17 

3 

0 05 

n 0 

0 in 

0 

nil 

» 14 

1 Ifi 

3 

0-11 

» 11 

0 17 

3 

ml 

„ Ifi 

1 12 

3 

0*01 

» 12 

1 4 

0 

nil 

„ 10 

1 4 

1 

0-07 


6 10 

2 



10 0 

3 



Since these figures wore taken, other rooordB show that the tonnage 
of refuse taken from the wood-paved roads in 1913 was 75 tons, and in 
191-1 it was reduced to 68 tons. In five years the reduction is equivalent 
to 881 tons per annum, due no doubt to the deoreaso in horsed traffic 
and reduced wear of the wood pavements. 

Effect of Rainfall. — The above figures in Table X. are interesting, 
because on Juno 30, 1909, there was a rainfall of 0*16 inch, which did 
not incroase the amount of refuse as compared with the amount collected 
on the previous day, which was dry. But on April 8 and 16, with 
rainfall of 0*01 inch on each day, the latter day gave an increase of 
60 per cent. 

From the above figures it would bo a fair assumption to oonsider 
the manure, etc., from the roads to bo at the rate of 6 tons per week 
per mile. The amount therefore from the 12 miles of wood-paved 
roads would bo 3760 tons, added to which would be 260 tons of wood 
fibre, making 4000 tons in all, As only 20 per cent, of the traffic passes 
over the remaining 61 miles, and 10 miles of these roads have been 
asphalted and are the roads that arc the most heavily used, it would be 
a reasonable approximation to place the figure of the percentage of 
traffic passing over the 41 miles of macadam roads at 16 per cent, ; 
therefore, if inoh is the wear of the wood paving, should 

be the wear of macadam, which would be equivalent to about 270 tons 
of grit from the maoadam per annum, making a total of 4270 tons. 
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Result of Tar Spraying and Asphalt. — In order to find wlietlior tlieso 
results oould bo obtained, tar spraying the surface of the macadam roads 
was begun in 1907-8 over 20 miles of these roads ; as a consequence, 
the reduction of refuse oolleotod from the streets was very noticeable. 
In 1908-9 the whole of the macadam roads were treated in a similar 
manner, and it has since been continued, 

A chart showing the weekly collection and how the tar is affected 
by the weather is given facing page 244 ; the following totals, however, 
show the amount collected each year for the past ten years, and in this 
period 10 imles of the roads have been asphalted. 

Table XIL 



Tonnage of 


Tonnage of 

Year. 

B/Ofuse from 

Year. 

Rofufio from 


Streets. 


Streets. 

lS)07-8 . 

13,400 

1013-14 . 

7,02i) 

1008-0 . 

11,600 

1014-15 . 

0,683 

1909-10 

10,150 

1016-10 

0,269 

1910-11 

0,038 

1016-17 . 

5,773 

1011-12 

8,300 

1917-18 . 

6,393 

1012-13 

8,276 




In the past three years there has been a distinct falling off of traHic 
in the bye-streets, due to the efieots of the war ; the horsed traffic on 
the main roads has noticeably decreased, so that it may be inferred 
that the last four years’ results are due to the reduction in traffic. During 
the years 1911-14, the greater part of the 10 miles of roads that were 
asphalted was carried out. Although the actual reduction in manure 
oolleotod on 12 miles of roads was 884 tons, a still further addition 
should be made to this figure in order to allow for the reduction that 
would be made from the same cause on the whole of the streeta'^t 
would not be more than 2000 tons per annum during the whole of the 
ten years. 

Taking the figures for 1914, i.e. 6683 tons, the difierenoe between 
the theoretical amount (4270 tons) and the actual amount collected is 
2413 tons, i.e. about 60 tons per mile of macadam roads or 0-14 inch 
from the whole surface of the structure of those roads, which represente 
60 per cent, greater wear than on the wood-paved roads with only 16 
per cent, of the traffic. 

Fifteen per cent, of the traffic in 1914 is equivalent to^O per cent, 
of the traffic in 1909. 

Since 1914, the amount of refuse oolleotod from the roads has become 
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Btill further reduced, bo that in 1917-18 it was only 6393 tons, or 1123 
tons greater than the quantity that would be ooUeoted if the whole of 
the roads had been wood paved; but this reduotion is explained above. 

Allocation of Wear of Roads.— The conolusion that may be legiti- 
mately arrived at is that as traflio and weather are the two factors in 
the wear of a macadam road, the weather is directly or indirectly re- 
sponsiblo for at least 90 per cent, of the wear and the traflio is only 
responsible for the remaining 10 per cent., or wo may divide it more 
satisfactorily into three classes : — 

1 . Surface wear duo to tractional resistance = 10 per cent, 

2. „ „ weather =6 „ 

3. Interior wear due to traffic and weather = 85 „ 

The latter is capable of being greatly reduced, oven if it could not 
be entirely eliminated, and if a material can be found which could be 
so added to the structure of a macadam road which would eliminate 
the weather efieot and make the internal particles immovable by the 
traffic, the life of the road would bo extended over a very considerablo 
period far in excess of its life as at present. There have been many 
suggestions and experiments by various people to effect this policy, and 
some of them will bo dealt with later. 

Economies In Maintenance Costs.— It will not be out of place to 
mention here the economies that have been effected by the work that 
has been done in this direction in Fulham. The cost of scavenging the 
refuse in a London district is considerable, and during the war the 
costs may bo said to bo abnormal, therefore present costs are not used, 
but it would not be at all an unreasonable ffgure to fix the cost of 
collection, cartage, and disposal at £1 per ton, therefore in the ten years 
the cost has been reduced by £8000 ; but, making allowance for the 
normal reduction of manure of 2000 tons, the net economy due to these 
methods of dealing with the roads is about £6000 per annum. To 
this must be added the cost of what would have had to be paid for 
replaoing the material that is taken from the road in order that it should 
be maintained at its original level and oontour ; i,e. if 6000 tons of grit 
is taken from the structure of the road, the same quantity must eventually 
bo replaced. A ton of macadam costs for material, labour, carting, 
rolling, etc., at least 26s., therefore the amount of the economy is in« 
oroasod by a further sum of £7600, making a total of £13,600 per annum, 
or £360 per mile of road per annum. 

Macadam Road Expensive.— A careful consideration of the whole of 
the facts can only end in one conclusion — ^that the macadam road is an 
exceedingly expensive, wasteful, and unsatisfactory form of road structure 
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and sliould be dispensed with at the earliest possible moment and re- 
placed by an impervious, homogeneous, and more satisfactory form of 
pavement, and that there is ample justification even for a wider 
apphcation of the resolution passed by the Koad Congress, which is 
mentioned at the beginning of this chapter. 

Tar-Spraying Costs. — Eaoh year*s tar-spraymg has cost from ^d. to 
Jd. per superficial yard. The amount which has been saved by the re- 
duction of watering and cartage has amply compensated for the cost so 
incurred, quite apart from the extended life given to the structure, the 
removal of the dust nuisance, and the bettor health of the inhabitants. 
Unfortunately, the tar does not last longer than twelve months, the 
weather has a deleterious effect on oven this material, and the traffic in 
combination causes the necessity of an annual coating It is in the 
writer’s opinion a cost which would not be incurred in the case of a 
bituminous form of road structure ; that is to say, such a structure 
would be waterproof in itself, dustless, would not require annual treat- 
ment, and its maintenance ought for such streets to be less than Jd. to 
Jd. per superficial yard per annum. 

With a view of indicating a comparison of the amount of refuse 
removed from the roads which have been surfaced with asphalt, wood 
paving, and macadam, the following table is given ; — 


Boad. 

Erbraneous Matter ; 
Manure, etc., per 
Ton removed 

Wear and 
Weather. 

Afiphalt . 

05 

c 

Wood paving . 

OiJ 5 

7-5 

Macadam . 

5:1 

47 


The method of tar-spraying and permanent road construction that 
has been adopted has reduced this considerably, so that the figures now 
stand as follows : — 


Boad. 

Extraneous Matter : 
Manure, etc., per 
Ton removed. 

Wear and 
Weather. 

Asphalt . 

06 

6 

Wood paving . 

92 6 

7‘6 

Macadam . 

70 

30 


Thus the hfo of the macadam roads has been increased by 33 per cent. 
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Comparison of Asphalt, Wood Paving, and Macadam.— The original 
cost of asphalt, wood paving, and macadam is in the proportion of 100, 
75, and 35 (approximately) ; the repair is in the proportion of 100, 75, 
and 15 (approximately) ; the life is in the proportion of 10, 7*5, and 1 
(approximately)— thus the comparison is 1, 1, and 2*5. The possihihtics 
of economy hy substituting a permanent paving for macadam that will 
last only 2J“ times the life of the present water-bound macadam at the 
same cost or at an oven increased price are therefore very considerable. 

The reason why macadam roads are constructed on their present 
hues is mainly on account of their small hrst cost j they are g^uite 30 per 
cent, cheaper than wood paving, and even 40 per cent, cheaper than 
asphalt — e,g, in a road to be made of macadam there would be 18 inches 
of excavation, 12 inches to the foundation, and 6 inches for the 
macadam. 


Macadam — 

5. d. 

18 ins. excavation and carting . 

2 0 per sup. yard. 

12 „ foundation . 

.30 

6 „ macadam 

3 6 

8 6 

Wood Paving — 

13 ins. excavation and carting 

1 6 per sup. yard. 

8 „ foundation concrete 

2 10 

6 „ wood paving 

.76 

11 10 

Asphalt — 

10 ins. excavation and carting , 

1 2 per sup. yard. 

8 „ foundation concrete 

2 10 

2 „ asphalt 

10 0 

14 0 

Two- Goat Bituminom Paving — 

Excavation and carting 

. 1-2 

6 ins. hardcore .... 

1-6 

3 „ bituminous oonorete base . 

. 2-0 

] in. wearing surface . 

. 3-0 
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Ttese figures will, of course, vary in other districts, but they form 
a reasonably representative comparison. In order to compare them, 
the cost must be taken over a period. Take the oase that has already 
been mentioned, where the macadam road is repaired every two years ; 
a wood-paved road would, under similar traffic, be repaved at the end of 
twenty years. The natural asphalt road would have a hfe of more than 
twenty years, but for the purpose of this comparison it is taken at that 
figure ; the two-coat bituminous road would equally last fifteen years. 
A period of twenty-five years is given to the foundation, which would last 
for an indefinite period, but for the first comparison the period so given 
does not materially affect the figures one way or the other ; it is probable 
that if a loan was obtained this would be an excessive life in which to 
repay the cost. Assume that repayment and interest is on the basis of 
6 per cent. 

Table XIII. 


6 Years. 10 Years. 16 Years. 20 Years. 26 Year's. Total. 


Macada/m — 

Excavation and foun- 

d. 

d. 

d. 

d. 

d. 

d. 

dation . 

18 

18 

18 

18 

18 


Macadam . 

42-6 

42*6 

B7-6 

42 6 

67-0 


Wood Paving — 

Excavation and foun- 

606 

606 

76-6 

60-0 

76-6 

333 

dation . 

16'8 

16'8 

15 8 

15 8 

15-8 


Wood paving 

27-0 

32-0 

32*0 

64-0 

27-0 


Anphalt — 

Excavation and foun- 

42-8 

47 8 

47-8 

09 8 

42-8 

261 

dation . 

14 4 

144 

144 

144 

14-4 


Asphalt 

36-0 

36 0 

41'0 

41-0 

40-0 


Tvjo - Coat BUMfminoua 
Paving — 

Excavation and foun- 

604 

604 

654 

55-4 

00-4 

272 

dation and base 

10-8 

10-8 

10 8 

16-8 

16-8 


Wearing surface . 

10-8 

16<8 

15-8 

21-6 

21-6 



27-6 

32-6 

32-6 

38-4 

38 4 

169-6 


It will thus be seen that over a period of twenty-five years the cheapest 
form of paving is the two-coat bituminous paving, which is only half the 

6 
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t of the macadam road; then cornea soft-wood paving; natural asphalt 
:es third place, and a long way behind is macadam, which although 
laper to instal than natural asphalt and wood paving is more expensive 
m the two-coat paving, and on account of the better wearing capacity 
. latter is 50 per cent, cheaper over a penod of twenty-five years. If 
venging and watering or tar-spraying is taken into consideration, the 
t of the macadam road would obviously be far greater than is here 
jcated, 

Even if the macadam road was repaired only once in four years instead 
two, the comparison would still greatly favour the bituroinous two- 
lit paving. 

Effect if Weather is Eliminated. — From these analyses the conclusion 
brcibly brought into view that as the weather influences the wear of 
macadam road, Le internal wear or attrition to the extent of 86 per 
it. — and this is exemplified by an exanunation of the wet and dry 
bs for attrition in Table VII., p. 60 , — and it is duo to this cause that 
surface structure only lasts two to four years, if the weather effects 
lid be eliminated at a cost of two or more times the present cost, 
1 the hfe extended proportionately, it would be a much cheaper 
.»'emont, but even then not as economical as the two-coat bituminous 
facing material. 

Damage by Studs and Steel Tires.— Much damage is done to all sur- 
08 by the use of sharpened nails that are placed in horses* shoes in 
sty weather and the spikes that are placed in the wheels of steam 
tor vehicles. In a case that oamo under the notice of the writer, a 
ucle was fitted with studs about IJ inch diameter’; these studs cut into 
wood paving and made cylindrical hollows | inch deep, and the 
ok of the vehicle could bo followed for over a mile of the road in the 
briot, Steel tiros not being set to the contour of the road, the cutting 
isphalfc was distinctly observed, especially at junction of roads. When 
abstitution or modification for those is obtained, the advantages will 
considerable. 
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EFFECT OF TRAFFIC ON ROADS. 

Weight of Traffic on Foundation and on Surface.— Tho thioknesEi of tlie 
material forming the road aurfuoe wliould bo considered. For this 
purpose a atoam-rollor was weighed, tlio back wheels being placed on 
the machine, and subsequently the front wheels, with the result that 
the weights wore as follows : — 

Back wheels . . 9 tons 0 owts. 2 qra. 

Front „ . ,3 „ IG „ 1 „ 

Then an ordinary steam motor waggon was weighed carrying D tons 
of coal : — 

Back wheels . . 9 tons 16 owts. 1 qr. 

Front „ . . 2 „ 6 „ 2 „ 

The weight ])or inch of tiro of stoam-roller with a D-foot 4-inoli 
diameter wheel 16 inches wide = 632 lbs, 

The weight per inch of tire of steam motor w^aggon with a 3-foot 
7-inoh diameter wheel 10 inches wide *=1092 lbs. 

On a resilient surface the area in contact with the road was estimated 
to bo 66 square inches in the case of the motor waggon, and 120 square 
inches in the case of the steam-roller ; so that the pressure on the road 
surface may be assumed to be 72 lbs. per square inch in the case of the 
steam-roller, and 1 68 lbs. per square inch in the case of the motor waggon. 

If a steam-roller has been rolling continuously a foundation of a 
road until the depressions have been removed, and a solid and unyield- 
ing surface is secured, it may be assumed that the foundation, if undis- 
turbed, will in future withstand a pressure equal to the weight of the 
steam-roller per square inch of tire in contact with the surface. If the 
steam motor waggon just described had come upon the surface, its weight, 
being greater than that of the steam-roller, might disturb the surface and 
cause a depression ; but if a cushion of a homogeneous matter was placed 
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between tbe tiio of the wheel and the foundation surface so as to distribute 
the pressure over c times the area of the surface actually in contact, 

, pressure of motor waggon , , , . , , , 

wliore c— ^ „ j foundation would have to with- 

pressure of ateam-roUer 

stand no greater pressure than was the case when the steam-roller had 
finished worlriiig upon it. 

Angle of Distribution of Pressure. — A square-based pyramid of 
circular balls can be placed in equilibrium, so that the pressure is trans- 
mitted at an angle of 30® from the vertical , if, however, the spaces 
wore filled with a cementing material, pressure could be added to the 
top of the pyramid to a considerable extent before disturbing its equi- 
librium, thus showing that the angle of pressure has increased. 

Suppose a mass of material cemented together of a length I is placed 
on two supports, a little less than I in distance apart. Weight can he 
added at the centre, and the pressure is transmitted to the supports, 
showing that the liniit of the line of pressure will bo horizontal or 90® to 
the vertical. 

In a perfectly elastic material the intensity of pressure becomes 
greater as the surface is approached, and to resist this the material at 
the surface must be harder than below the surface. 

Resiliency of Material. — If there is no resiliency throughout the 
material forming the surface, the intensity of pressure will be increased, 
because the weight is carried on a smaller area, and the material will 
the more rapidly break up. Professor Boussinesq oaloulates for an 
elastic material that the angle of pressure from the vertical is between 
62® and 90® ; but for road material, such as is described as homogeneous, 
the pressure is, roughly speaking, at an angle not greater than 60®, the 
material forming the surface of the road being in contact with the surface 
of the foundation throughout its length and width. 

Pressure ooimnunicatod to Surface— Thickness of Cushion required.— 
The pressure per inch of tire as given in the Motor Oar Act is not the 
pressure which is being exerted on the surface ; it is evident, if the 
road surface is of a yielding oharaoter, that there must be a oertain 
length of tho curve of the tire in contact as well as the width. There 
will bo a loss length of tho tire of a wheel 3 feet 6 inches diameter in 
(loutaot with tho surface than would be the case of a wheel 6 feet diameter ; 
and although tho unit per inch of width may bo the same in both cases, 
tho pressure will bo much greater from the smaller than from that of 
tho larger wheel. In the example given above tho pressure is in tho ratio 
of 168 ! 72, i.e, 2-33 : 1 and 0—2-33. Thus if tho angle of pressure was 
transmitted at 46®, the thickness of tho ousliion should be 2-33 inches, 
but as the anale is 60®, the thickness of the cushion should be about 
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2 inches only. That 2 inohos is sufficient for a road-surfaco material 
IS borne out in the practice of laying only 2 inches of asphalt on a concrete 
foundation. It will bo evident, therefore, that a good resilient surface 
need not be any greater than 2^ inohos in depth for an ordinary macadam 
road, and if a 3-inoh thickness bo laid, it allows for an inch of wear ; 
any greater thickness that is placed in the road is wasted material, as 
J inch of wear should provide for many years on an average road. Six 
inches is given to ordinary water-bound macadam, in order to feed the 
surface with material in place of that which has been washed or swept 
away. Four and a hall inches of tar macadam is laid in the attempt to 
overcome or to compensate for inherent weakness in the material. 

Voids in Road Structure. — The difficulty that has arisen in the past 
has been to discover the resilient surface. There is a pievaihng idea 
that for road construction the elimination of voids between the stones is 
essential, and that the surface should be rigid and solid, but a close 
examination wiU show that the elimination of voids is not entirely 
desirable, as the less the percentage of them the more rigid, the more 
slippery, the less resilient and satisfactory will the road be. 

Voids in Macadam. — A water-bound macadam road has voids ranging 
from 20 per cent, to about 10 per cent. Ordinary macadam of the sizes 
that will pass a 2-inoh ring, if compacted together, has about 40 to 42 
per cent voids. Hoggin, which is used as a hinder, if the moisture is 
removed, has about 48 per cent, voids, so that if the interstices of the 
macadam in a road surface be filled with hoggin, the net voids will be 

42x48 

=20 per cent. 

100 ^ 

Of this 20 per cent, that is left in a dry firm road there is bound to 
be at least 5, and probably up to 10, per cent, of moisture, so that the 
voids in a properly consolidated road will he about 12 per cent, at the 
least, and more probably about 16 per cent. A pavement may be con- 
sidered to be a mass of material non-resilient in itself, which, when bound 
together by an adhesive agent, encloses a series of air spaces. When a 
heavy weight presses on its surface, the air, having no outlet, is under 
pressure, and as soon as the weight is removed the air forces the material 
back to its normal condition, If the air is not confined, and is given the 
opportunity to escape, the tendency is for the material to compress until 
there is no further space for it to occupy, when it begins to break up. 

From the point of view of horse traffic, the macadam road is the 
most satisfactory both in regard to resiliency, resistance, etc There is 
always a quantity of air spaces, because of the evaporation of the moisture. 
When the air is removed by moisture, the stones compress and abrade, 
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and it is then in its worst condition ; when, however, the excess moisture 
18 removed by evaporation or drainage and air forms part of the struoturo 
again, the surface structure regains its best form. If the macadam was 
bound together by a material of a plastic nature which was afTcotod by 
atmospheric conditions, and the voids were reduced to a luiiiimum, one 
of two procedures would be hkely to take place : eitlier the composition 
would break in its efforts to expand, or the hquid material would rise to 
the surface and flow away, thus causing disintegration and decay of the 
structure. This wiU occur, and is illustrated in many of the “ pouring-in 
processes.^* 

Voids in Asphalt and Wood Paving. — A fairly high percentage of voids 
is found in the asphalt that is laid by a number of firms, and it is the result 
of this percentage, properly and judiciously divided throughout the depth 
of the material, that is one of the causes of its success as a paving material. 
Another example of a successful road material is the soft-wood pavement ; 
this class of timber has a higher percentage of cellular sj)aocis than the 
hard woods, such as oak, jarrah, etc , and this is the reason why in some 
measure soft wood is generally more acceptable as a paving material than 
hard wood. 

Compression in Asphalt.— If a new pavement of rook asphalt bo 
examined and tested as to the quantity of mineral matter, etc., in a 
given area and as to its thickness, it will be found after a period of five 
or six years that the amount of mineral matter m the same area is much 
the same as when laid, but the thickness will, under traffic, have been 
reduced by | to J inch , this is due to a process of compression, which 
is continued until no further compression oan bo made, and real wear 
then takes place. 

Compression in Tar Macadam.— Similarly with tar inaoadam, the 
material is usually very much thicker when it is originally laid than is 
the case twelve months after it has been laid ; the oomprossiou in this 
case is much more rapid as compared with asphalt, and so the wear will 
commence at an earlier period 

It would therefore seem that a satisfactory road surface could bo 
made of a composition of material similar to the macadam that has 
been commonly used for many years, bound together with hoggin or 
similar material ; but iimtead of water being used as a binder, another 
material of a plastic and adhesive nature should take its place, which 
should be waterproof and not affected by varying temperatures in the 
atmosphere. 

Homogeneity and Resiliency as Factors in Road Construction.— In 

other words, homogeneity and resiliency are the leading factors to be 
sought for in road construction ; while the percentage of voids is merely 
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incidental, the one cannot be scoured without in some way affecting 
the other 

If the material is not homogeneous and the composition is of varying 
sizes of stones, the traffic may transfer to one stone the whole of the 
weight of one wheel, and the effect would bo to further transfer tho weight 
in the direction shown by the arrows in fig. 12. 
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If, on tho other hand, tho top surface of this non-lioniogeneous 
mass is covered with a cushion of material of homogeneous substance, 
then tho pressure is as shown in fig. 13. 

The pressure should be transferred as shown in figs. 14 and 16- 
In order to secure a homogeneous mass, it is evident that the 
materials forming the mass shall be of the same or nearly the same 
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specific gravity, or, if this condition cannot bo fulfilled, tho agent which 
acts as the binder shall be so adhesive and so little affected by the atmo- 
spheric conditions that it does not allow the lighter material to move 
out of its original position. 

Recuperative Power of Road Surface.— One other point is connection 
with the construction of a road surface is that the material forming the 
surface shall be capable of recovering its position when disturbed by 
traffic. This may be secured by the elasticity of the surface coating, 
or the surface may be of such a nature as to be capable of receiving back 
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the disturTbod matorial when put back by succeeding trafido. If the 
material that is used as an adhesive agent does not quickly lose its 
adhesive characteristic, this latter condition should not be difficult to 
secure, but the matter is one that is frequently overlooked. This dis- 
turbance to the surface of a road is noticeable particularly at curves of a 
road, and is due to the effect of the quickly moving vehicles negotiating 
the corners or turns. 

Straliis in Pavement. — ^Another important characteristic is the 
longitudiTial vioveinent. In laying asphalt macadam with a heavy 
roller, the material while hot moves forward in the direction of the 
roller ; this tendency is present in a structure that has set and is cold, 
and is evidently caused by the vehicles ; it is frequently noticed in asphalt 
roadways, ami in a diftbmnt manner in wood-paved roadways. 

Creeping of Asphalt.— Hections of asphalt roadways show waves 
as indicated in fig. 1<). The line A B indicates the surface of the 
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oonoTOto foundation. Tho dotted line G D is the original surface of the 
asphalt, and tho curved lino C D is the waving condition which is fre- 
quently notiuottblo.. This creeping may he explained in the following 
manner Tho asphalt is oomposod of fine oarbonaooous limestone 
naturally impregnated with bitumen. This bitumen is, when solved out, 
found to 1)0 ill a soft condition, and it has a flowing point near to the 
hot summer atmosphorio conditions to which it oooasionally is submitted. 
Owing to the thioknosB oE tho asphalt, tho temperature is much higher 
at tho surface than it is or 2 inohos below the surface, and the very 
hot conditions are only for a very short period of the day ; hut it is 
at a time wlioii the traffic is at its maximum. The bitumen is in a sense 
filled with fine filler dust, and this prevents tho bitumen from flowing ; 
but owing to the traffic foroos wliioh are capable of pushing the pavement 
forward, as illustrated in tho next paragraph dealing with creeping of 
wood ])avemontH, the thin layer of bituminous material is pushed out 
of its original position while the lower layers down to the oonorete are 
not moved -honon a small ridge is developed which may inorease in 
size. Under very hot conditions over a number of days there have 
been plaooa wliore the oonorete has been exposed, but these are ex- 
oeptional. 

In artifioially made asphalt this condition has been overcome by 
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hardening the bitumen, and there are a number of instanooB where there 
are no observable waves in the structure, which indicates clearly that it 
IS merely a matter of adjustment of the bitumen. 

Whore mastic asphalt is used on roads the wave movement is not 
noticeable, and where a hard bitumen has been employed it is similarly 
free from waves ; but in these oases there is distinct evidence of con- 
traction and cracking of the structure, which indicates that either an 
unsuitable bitumen has been employed, or the hardening has gone too 
far ; the conclusion is that the consistency of the bitumen must be very 
carefully adjusted. 

Creeping In Wood Pavement. — ^In wood-paved roads the difierence 
is shown in the line of the joints, the surface still retaining its original 
face. A B (fig. 17) is a plan of the joint as originally laid at right angles 
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Fig. 17. 

to the kerb ; when, however, the road is submitted to heavy and fast- 
moving traffic, the joint takes the curve A C D E B, the traffic direction 
being shown by the arrows. This movement is due to the softening of 
the tar grout between the joints in hot weather. 

It is only particularly noticeable where the blocks have been laid, 
without being dipped in tar, direct on to the concrete, and is not so 
apparent where the blocks have been dipped or so grouted that the 
pitch used in the grouting process roaches the ooncroto. The force 
therefore which is being expended is not very groat, and from the fact 
that the movement is not spreading but reaches a limit without dis- 
turbing the even surface, also indicates that it is easily oounteraoted. 

With a binding agent that is very soft in hot weather a movement 
will be in progress compounded of the effects of the weight acting verti- 
■cally when in actual contact, and a forward movement due to the 
momentum of the vehicle ; there is also the backward movement duo 
to the friction of the driving wheels on the surface. These various 
forces have to be oounteraoted by the ductility of the binding agent. 
Where the pavement is non-resilient, the strain must be very consider- 
able, the wear must also be immediate, and if the material is unable to 
resist, it will rapidly crumble. 
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ding accent may bo very adlifsive, but if it is not also ductile, 
Q in road oonstruotion on account of tlic stress and strains to 
e structure is being continuously subjected ; the one without 
• is in road construction hardly ••one.eivable, but il a slightly 
but strongly ductile material was in competition with a very 
and only slightly duetib' comiiosilion, the former would be of 
,ater value, provided other f.-atures were ecjiuilly good. The 
not be confused with the otlier. 

Corrugations or Waves.- There have heiui many discussions 
years on the corriigatioiiM wliieli appear on roatl surfaces, and 
.hough they have been ol)s.‘rval)h' in roads suhniitting only to 
affio, are more apparent as a result of motor vehicular traffic, 
ivemonts show this corrugation elTect : it is very evident and 
fced on macadam, it is much less evident on wood pavements 
lalt. Some, attribute the cau.se to tlie rolling that is applied 
acadam road when it was originally laid, Hom.s attribute it to 
tioiiB of the engine that propels the vehicle, others arc inclined 
lew that it is caused by a comhination of the speed and the 
movement of the springs employed to tiike up tho stresses in 

le. 

g, howovoT, that cnrriigatinns appear on railway rails, on the 
TC of an ovurlicnd tramway system, on weavers’ shuttles and 
R, it is not clear that it is e.aiised l>y the rolling of the structure, 
Igostod in the ease of miuiadam roads ; further, corrugations 
’n asphalt which is rolled not only lengthways, but orosswiso 
alf circles, and tho rolling is oarried out when tlio material is 
tho cooling of tlie asphalt would in all probability obliterate 
ig ofEoots wMoh are suggesti'il as the cuiise, I?orhapa a ooii- 
nswur to this suggestion is found in tlm fact that wood pave- 
low slight corrugations and arc not snbniittcd to rolling of 

equally questionable whether it is due to the pulsations of the 
seiiig that it ooours on lift guides, on trolly wires, and weavers’ 
A oaloulotion shows that in the majority of the vehioles the 
lin the cylinders takes jilune every .1 inohes of tho tread of tl» 
he driving wheel, whereas tlie period of these corrugations is 
inches, and in many cases even wider than this. 
g Effect. — 'The suggestion that it is dm* to the speed and tho 
tho Hjiringsis more likely to be the oause. In every case where 
ons appear thorn seems to bo a spring onijiloyad which has the 
t only of taking off the strain on the vehicle caused by any 
ut also it has the effect of causing tho vchiolo to keep to the 
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lmv,\i iiinii* »*iT*'i'1i\vly tluni woitlil 1 m - tlic if it was nut. piDvidiMl 
with Hpriiijt'.M. Tniwllinu uf I'ortitin hiuhhIh (j»i u rornimitfd roml, tlio 
tMirru^alitni^ iin- nut xu .t|inari*nl lu tin* |n‘r'*tiii ritliii^ in tin* t-nr. TIhh in 
hi-rau-^** l)ii‘ s|u imI and jhtumI in^tivily nf t!n* spring' an- in liiiji* willi tlia 
tnirruj'jititni^H ; Iml tin* rlfrrt tin thi- vi-ldrlf, if it is (mvt-llinjjt wltiwly, in 
V(-rv inarktMl, lun-ansi- thr H|u‘i‘d and m-tivity an> nut in iinisuii with tin- 
iMM'rujL;atiiiiiH. Nu siirfart* oaii hr nnitlr iiiisulult-ly and tlic^ 

sliKhti'st tlrprrMhiuu nr rM’n'srrnrr will start u inntinn in tin* sprinj's ; and 
Ihrsr riiiTUpttiiins niidnulitrdl V start frnni sinall lM-^inidnf>rs. If thr 
r<inipn-<iliun ftinnin^ tin* sarfari- is uf a pliahh* ur uf an riisily distarhr*! 
nmfrriah tin* idTrrt un tin* vrhit-lr is uaiumlly r\a^r^rniti'd, as it vvtnild 
hr in nmnudiim ur in un asphalt mitupimrd uf hitniurn ii luw nirltin^ 
point. 

No Reittedy for Maoadaxu* In thr imsi* nf rnnaudani nnul, iiruntiaully 
MjM-akijiff, nu mnrdy has Iw-rn found hy any alti'ratiun uf thr roiiipoHitiun 
uf thr siiurtun* ; hut in asphalt tln-rr is a riMiU'dy in tin* i*inph»ynirnt uf ii 
hardi-r hitunn-n, or in so llHin^ tin* hituiurn that ii is inrapahir uf ninvi*- 
inriit, H, liuwrvrr, niir is iiirlinrtl lu try tu rllrt-i a rrmrdy liy an 
altrratiun in uta* dirt*atiun, tin* rrsult ia tu uhtuiii a drfrrt in aunn* utlirr 
dirrrfiun ; thr liardrr thr hitunuMi, thr man* it is liki'ly tumntranfc in 
nuld wrathrr. If in tlir hituniinoua mHti*rial larjjjr Mtunrs iirr rmtiloyrd 
tu ]»rrvt»nt inuvmiriit by thrir |K*nrtration into thr luwrr layrra of thr 
inatrriul, a fnrin of diaititrgrutiun ia likrly to bu oaiiard whiah is 
imliratrd in (*Imptrr IX. 

Pneumatlo CuaWoiUU—Tho writer haa laam ini|in*HHt‘il witli tho 
urrauganirnt nf pnrumniici ftiiHluons to takr tin* phun» of apriiifjiM on 
vrliirlrs. Tltrsr emskhom an* plH<ti*d nti tnudi \vIn‘i‘K and an apparatUH la 
pmvidi-d wliirli autfnuatinally i*ttualiHrH tin* rxrrsM pn'ssiirr nausnl liy 
any slna-k. It is jipparmtlv vrry rlTrativr. It smtiH to work vrry niimh 
qiiiokrr than sprini 4 s, ami llir drsariptiun that was ^ivrii to thr writrr 
hy a prrHoii wtm had riddrn in a nar fittril with this type* uf nushiou 
was tliat w’lim llm vrhirlr raiiir on In a badly worn roa<l tlm rlTrnt was 
that tin* sinkintf of thr vrhirlr into thr first dopmssiuii was fril, hut tlir 
rrflr X antinn that is appan^nt on a vibrating s[tring was not rraltsrd» and 
the oar suburqurntly travrllrd thr rrnmining portion of tin* road as 
amonthly as if it had Iwm an rvrn surfacr. If this is thr ruHr, it ia 
RurpriHtng that this type* of niishton is not in nomnnm usr ; thr rraaon 
srrnm to lir in the fact that thr nont of thr fitting 1 m at prearnt very 
high. whrrraH springs are in aomparison aheap. ModificationH in the 
form of shook absorbers of various kinds have been fitted to the vrldnlrs 
in aommon usr, and the fact that those are popular would point to a 
more is^rfrot form of oushioa. Perhaps one of the objeotions to the 
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pnoumatio form of ouhIuou uh Ih indicated lies in automatio 
iirmn^emeut, and tlio four that as all meohanioal aTrangonicntfl are 
likely at hojuc limn or other to get out of order it would, when such 
time (lid arrive, render tln‘ vehiole equivalent to one devoid of npringn 
and heconn* very unphuiHiint to uho until the defocta liad boon remedied. 

Defective Structure. Apart from the vehicle and its efieot on the 
road Htruiiture, there iw an indication that the waves or cornigationa 
arise from defect ivt' Htructun^H. It is very marked in water-bound 
luamidanv roads which are iulitm'ntly weak and therefore liable to 
develop Ivollows ; it can be greatly minimised in artificially made 
liituminous structures by adjusting the oonRiBtcncy of the compoflitif)n, 
and in regard to Hctt-jiaved and wood-paved roads it is so little in 
evidence tliut it does not cause much or any inconvonienoi^, 
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FOUNDATIONS. 

Thb foimdations of a road should be of a satisfaotory nature. From the 
results of the previous examination of the efEeot of traffic upon roads 
it is clear that, provided the surface of the roadway is maintained in 
an oven and regular manner, the structure under the surface, i.e. the 
composition of the material between the subsoil and the surfacing 
material, need not be more than about 4 inches in thickness if it can be 
maintained as a homogeneous mass. 

Concrete. — In the list of roads mentioned on pages 4 and 6 are two, 
Dawes Road and Wandsworth Bridge Road. Both these roads carry 
heavy traffic, and in the case of Dawes Road a large sewer was con- 
structed many years ago through the centre of the road : the trench of 
the sewer was about 8 feet wide. The wood paving had been laid over 
ten years when a water-main burst and the road pavement had to be 
made good. When all the rubbish had been cleared, it disclosed an 
extraordinary condition : quite one half of the fuU width of the road 
covered by the concrete, which was only G inches thick with an inch 
cement-rendering surface, was entirely unsupported ; the length oi this 
unsupported concrete was eventually found to be over 100 yards. The 
fact that the road had for the period of ten years not submitted to 
heavy repEiirs on this account, indicates that the concrete was of ex- 
cellent material and that it was sufficient in strength to resist heavy 
traffic even when unsupported by the subsoil. 

In the case of Wandsworth Bridge Road the paving had been laid 
down sixteen years and was requinng considerable repairs, mainly 
through the deterioration of the blocks under the traffic. As the traffic 
had mainly kept to the centre of the road, the writer determined to 
leave 4 to 6 feet on each side in and marry the new pavement into it. 
This was done in 1910-11 and 1911-12 (it is preferable to renew from 
side to side and sort the blocks at the sides of the road out for repairs). 
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A test was inade of the depth of concrete, and in many oases it was 
only 4 inches thick, in the remainder 6 inches, but the concrete was 
sound and satisfactory. The trafELc on these roads is given on pages 
4, 5, and map (at end of book). Both these examples indicate that, 
given good surfaces, the foundation structure need not be of great 
thickness, as is so frequently advocated. 

Object of Foundation. — ^This foundation structure is interposed 
between the wearing surface and the subsoil simply with the object of 
transferring the weight of the traffic over such an area that it will not 
cause the subsoil to submit to a greater pressure than it can withstand 
without being displaced. 

Concrete 6 inches thick will withstand on a supported base a weight 
of over 20 tons to the square foot, so that concrete of this thickness is 
ample for the weight of any traffic that may come upon it, and especially 
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if on the concrete is a wearing surface in the form of a cushion. It 
follows therefore that the concrete when it fractures suflors from a 
greater blow than 20 tons, or that the subsoil under-support is unsatis- 
factory An unsatisfactory subsoil may, however, be contained by side 
supports and by that means made satisfactory, but even then it depends 
largely on the character of the subsoil as a whole. 

If W (fig. 18) is the load, F G D E is 6-inoh concrete laid on a subsoil 
of a loose character. Then by the side supports F D B K and 0 E C H the 
material forming the subsoil is contained, and as the material B D A E 0 
is so enclosed, if the angle of friction is less than is shown by B A C, it is 
equivalent to a greatly increased thickness of concrete ; but if the sub- 
soil IS of the nature of quicksand and can flow away in a sense in the 
direction A B or A 0, then the concrete may become unsupported at A 
or other parts of the faoe DAB. 

In places where the subsoil is unsatisfactory, it would be desirable to 
construct the roadway as shown in the sketch. 

But there are other methods which may be equally satisfactory for 
weak subsoils, and the one that is proving popular is by the system of 
reinforcement. 

Reinforced Conerete. — ^There are various systems of reinforcement of 
the concrete. They mainly consist of steel wire cross welded, expanded 
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I’ti*.; fill* iiit'Hh Miri»*s 111 M/f, T inrlirs x .'Uih'Iii'h is fjrijUihMv um**!. 
till* niilw ln'inu iihnut : iIh* n'iiifori’i'unMil in plurrd in tln' 

r.oiirn'ti* fnnii li tn .'i iiicih's ulinvt* tin* huffniii nf I In* Sin'Ii a f»uni 

of n‘iiifnn'i*ini*iil lias |ii*ch im wrs ihf»‘rn>r .siilisuiN \\itli t'xn llt'iir 
ri»siiltH. Uoiufniiviin*[i( i** ii|ijmriMitly only ni*i*i*?*Hiiiy on siili’^oiln of iIiim 
rlmriirfi*r. TlnMU’ilnr wiih «ski>tl t<» In ii miiih»Ii' of irnifon’oil ititinuitioiis 
t*on»*n'ti‘ to wn* \vlip||n'r il muhl Ih* iimi-iI to li*Nsi*n flu* tliinknoMN uf tin* 
coniTnti*. 't'ln* hiisi* on w jtit h if was to 1 m* luiil wun a ^oml oni\ mitl unU 
1| iiit'In'K of liif uiiiinoiiM (*oniri‘t(* wan taiil on tin* ri'iiifoit*riiii ul , iln* 
Kurfan* of tin* fon»*n‘lt‘ was tlhi^hl*(I nlT with 1 irn’.li i»f lul uiiiiiinn>^ 
iii^ Hurfiiri*. 

On thn mljiiiriin){ nma in tin* Htiiiin nmil» Kulniitttin^ |o ttm Miinn 
tmlTm, tin* w'rittT tlnniilnd to lay pn'riw'ly ihi* niuiu' hitiiniinonK *'on!*r**li» 
without tin* n*infon‘t*nii*nt ah n'Kitrcla thirkiifna iiini aroii na that ton- 
ployiMl <111 fin* ri'infor<*i*tl arna. Tin* ii»HultH up to ilati* uh' i<li‘ntiioi| 
om* is appari'iitU no lM'tti*r <n* wniso 1 1mii tin* ot li<*r. 

Clay Subsoil. *rioisn aii*as of roads whinli liiut* siihsuils <if rhnrv 
inat<*rial an* proUililv* tin* most trtnihlrsonn* of thosi* llutl lia\r lu l»i* 
nont<*inIi'il with, ami tin* principal work that hIiouIiI la* oiif is 

tin* tlrainajfi* of tin* moisturn fr*im tin* rlayoy material. 

if has Inn*!! i*stiiiifil<'d that wi'II-draiin'd clay will u it list and a itiad 
of from ^ to t> tons, w lnTcHK if fin* day is w<‘l ainl stiff il will not with- 
stainl nntn* than I ton per Hr|ttan* foot; hut tin* diflicnltv that has to 
Ik* riintt*iidt>fi with is the apuoina up at thn aidcN of tin* load in other 
wortia, it mu«t h«* t*ont«innd in Homo itianner. 

In layiiiM a roml with only a thin lH\t*r of laluiiiinoiis iiiati'rial ahoiil 
IJ iiinhcs I luck on an old foundation in very dry weather, there was an 
an*ii uhiiut Iti f<*ct squart* which was not ohserved when tin* road was 
!M*injy( rolled, and which was found Hulmeipiently to he tMUlipnw'd of 
Umdunday. l‘he roller hud no tlifTi*ri'nl eileed. on this an*a when it was 
lx*inA Umietl from the n'lnniiun^ an*a> and the road Imse was asHitincil 
to be juitisfnt^tory. Aa mion am the wint<*r arrived thin iireii was inuheili^ 
ately appArent ax wavy, and the ciompoHition oriink<*d ; if was tak<'n out 
and the eday wax e\puxi*cl. Here tin* lutuiitiiious eoneh*te wax not 
Muffloiently xtran^ to eontain the maU*rial wdtliin lituiteil hoiimlM. A 
depth of 3 tnoheii of bituminoux enrmrote wax iiuii*rie(t under the Mur> 
facing material nf a atilfer nlmrncter, and no aubHoquent xubaidetme han 
ocourred. 

Aa tin* problem of tbo foundationa of a road am of ^at importanee, 
and very large Ruma of money have been spent in providing for a xatiH- 
faotory foundation ^in some oases it has b^n suggostod that tin* depth 
should bo 2 to 3 foot.— the writer oonaidered, havinu in view the faot 
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that on a good new suifaoe of wood paving on 6 inches of concrete the 
traffic never had any serious effect on the road surface, and it was only 
when the paving had been laid down a number of years that the defects 
in the foundations appeared, whether it was not advisable to make a 
test of the effect of a vehicle passing over a depression and over an 
obstruction. 

Road Experiment. — The writer therefore devised a small machine 
which consisted of a couple of drums on which a strip of paper could be 
unwound and wound, the intermediate area of the strip passing over a flat 
surface. The speed of the travel of the paper was 18 mohes per minute. 
The flat surface was then fixed to the body of the vehicle at the rear driv- 
ing wheel, a pencil was placed on the axle of the driving wheel so that it 



would mark the paper, and two other pencils were fixed to the rear 
shackles of the spring — ^these also were so placed to mark the paper ; 
the forward end of the spring was fixed to the body of the oar. The rear 
end of the spring had a half spring also fitted to the body of the oar, A 
depression was made l-JJ- inches deep and 18 inches long, and formed so 
as to bo similar to a depression that is frequently seen on a road surface. 

The oar was driven at a speed of from 5 to 7 miles per hour, and the 
front wheel passed over the depression as well as the rear wheel ; figs. 
20, 21, and 22 were the result. These diagrams will repay careful 
study ; several tests were made and the results were precisely the same. 
The spring was drawn, and the effect was studied and calculations were 
made as follows : — 

Resultbig Diagram. — The diagram shows that when the front wheel 
passed through the hollow it had a reflex action on the rear spring, as 
is indicated by the projections at A and B, the movement of the body 
of the oar relative to the axle being a minimum of | inch and J inch, 
and, while this action was operatmg, the rear wheels reached the hollow 
and the spring relaxed inches, which is less than the depth of the 
hollow by inch, which represents the amount of compression taken 
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up by the pneumatic tire. The wLeel as it rose out of the hollow was 
actually stopped in its forward movement, because the pencil marking 
is backward by inch. The movement of the sprmg through an 
arc the axis of which is 2 feet from the centre of the spring will scarcely 
account for a difiercnoe of inch, and as the movement of the paper 
was backwards the actual movement would have been greater than 
inch, and this is indicated by the slight loop at the point C at the 
shackles. Hence we must conclude that for a short space of time the 
car was actually stopped in its progress, and therefore whatever momen- 
tum the wheel had at that moment, it was entirely es^ended on the 
obstruction in the hollow. This is very important, because it emphasises 
the blow that the pavement and foundation are being subjected to, and 
if the same efCect is produced by other and heavier vehicles, the blow 
that can be given to the structure is so great that scarcely any founda- 
tion would be able to withstand it for any length of time, especially 
if there was a continuous run of such vehicles passmg over the hollow, 
as would occur in many roads. 

Effect on Road. — Assuming the speed to be 6 miles per hour or 7 feet 
3 inches per second, and the weight of the wheel at 6 cwt. 1 qr., the 
momentum (or blow on the edge of hollow) would be very severe. 

Effect on Vehicle.— The actual deflection of the spring seems to have 
been no more than inch, and the weight necessary to cause this deflec- 
tion would be 9 cwt. ; the weight necessary to cause a compression of 
inch in the tire was nearly 7 cwt. The total vertical pressure was 
therefore 16 cwt , ft.e. 2*66 times the load on the wheel. 

A second trial on the same hollow (fig 21) gave a slightly different 
result ; the compression of the tire was j inch, i.e. 9 cwt., and the 
spring was deflected inch=9 cwt,, making a total of 18 cwt. In this 
instance the speed was slower than in the first case. 

Effect of Spring.— It will also be noticed that for J second or a dis- 
tance of 6 feet after the wheel left the hollow the spring had vibrated 
three times, and a deflection was stiU in the spring at that distance. 
From this we may gather that extra weight above the load was being 
sustained by the paved surfacei and if the pavement was not sufficiently 
strong to resist this extra weight, hollows would appear at the three 
positions where the peak of each is mdioated in the diagram. 

The important factor is that the vehicle was stopped in its forward 
movement, and it follows that under such action it is only to be expected 
that the hollows will and must grow in size, and that even concrete 
foundations will give way ; it also emphasises the importance of imme- 
diate repairs to any hoUows if more serious damage is to be avoided, 
RestUt of an Obstruction.— The third experiment (fig. 22) consisted of 
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an obstruction 1| inches in height over which the oar passed. In this case 
the car was not hindered in its progress forward — ^it was delayed only. 
The tire took up a compression of inch, equal to about 7 owt.-; the 
body in relation to the asde had a total movement of i inches ; the 
greatest deflection of the spring was 1 inch=14 owt. The total effect on 
the oar was equal to 21 cwt. on the pavement vertically. The spring was 
vibrated several times in a distance of 6 feet from the obstruction. 

The conclusion is that the road structure is not so much affected by 
a temporary obstruction on a level surface as is the case when a vehicle 
drops into a hollow and has to rise out of it again. 
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Moisture unsatisfactory in a Road, — Tlie amount of moisture in a 
inucadam road that is required to keep it in a firm condition is very 
small — prohahly about 5 iier cent. If this is evaporated the road surface 
wiU ravel ; if there is an exeess it will boooine muddy. Xho watering 
of a macadam road is not carried out wholly to lay the dust, but to 
provide the moisture necessary to maintain the stone in its position and 
retain a firm and suhd surface. Prom the foregoing it must be obvious 
that although the principle imderlying the oonstruotion of a macadam 
road may be right, the use of moisture as a binding agent is wrong, if 
the road surface is to wear satisfactorily. It must occur to the student 
that any material which is easily afieoted by water must be avoided when 
considered in connection with the structure of a road. 

Tar as Binding Agent* — It has therefore been the object of many 
engineers to dispense with the use of water altogether, and to that end 
many substitutes have been experimented with. Probably not one 
of the many materials has been so popular as gaa-coal ifor, and although 
it has been used in the British Isles for over thirty years in one form or 
another of road oonstruotion, and although it is a waste product, cheap 
and available at every gasworks, there are very few who thoroughly 
understand its composition, and fewer still, even of those who have 
used it most extensively, who will be able to lay down hard-and-fast 
rules which would enable it to be used perfectly satisfactorily in any 
specific form of oonstruotion for a road surface for varying degrees of 
heavy trafi^. 

Tke reason is not far to seek : tar la a very complex material* and no 
two samples are precisely alike, sometimes evenisom^e same works. 

Ck>al-gas tar is obtained as a waste product in the manufacture of 
gas from bituminous ooal. The ooal is jdaoed bi a retort, and by a pro- 
cess of destructive distillation the hydxooarbons of the original substance 
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are split up into liydrocarbons of a difEeient cliftracter — some of whioh 
are in the form of a gas, others in the form of fumes, while the remainder 
is free carbon and coke. The gas is taken to the gas-holder, the fumes 
are condensed to various forms of oil and hquids, and the free carbon 
IB carried along the passages and intercepted at a syphon of water, 
while the coke is taken from the retort. The oils, liquids, and free 
carbon are in combination known as tar Tar is also obtained from 
works manufacturing gas from oil {ca/rhuretted oil^gas iar), wood, eto., 
and from coke ovens, etc. It would require export laiowlcdge to dis- 
tinguish one tar from another ; in some works the oil tar is mixed with 
the coal tar, and the tendency is to increase this class of tar. Some 
time ago, as a result of the coal strike, a very large amount of oil was 
used in gasworks, and at one works in the north of England praotically 
the whole of the gas was manufactured from oil. Even at gasworks 
the coal-gas tar wdl vary with the class of retort, the quality of coal, 
the temperature of distillation, and methods of treatment generally. 

Composition of Tar. — A representative idea of the composite char- 
acter of the tar is given in a table made by Mr L. P. Wright, and pub- 
lished in Lunge’s book on Goal Tar and Ammonia : — 


Table XVI. 


Distilla- 
tion 
000° C. 


Gas evolved from ono ton 


of ooal in oubio feet . 

6600 

Speoifio gravity of tar . 
Peroentago oompoaitjon of 
tor (by weight) ; — 

1086 

Anmioniacal Lquor 

102 

Omde naphtha 

0'17 

Light oils 

10'60 

OreoBote 

2645 

Anthracene oils 

20 82 

Pitch . 

26-89 


Distilla- 

Distilla- 

Distilla- 

Distilla- 

tion 

tion 

tion 

tion 

060° C. 

700° 0. 

760° 0. 

800° a. 

7200 

8900 

10,162 

11,700 

1102 

1-140 

1-154 

1-206 

1-03 

1-04 

1-06 

0-388 

0 65 

3-73 

345 

0-985 

740 

4-47 

2-59 

0-667 

25-83 

27-29 

27-83 

10-440 

18-67 

18 13 

13-77 

12-280 

36 80 

41-80 

47-07 

64-080 


Higher Temperature, more Oas.— The above analysis demouBtrates 
how, if the tar is removed at 600°, it will differ from that where the 
distillation is at 800°. The higher the temperature of distillation, the 
more do the forms of hydiocarbons which areatable at the lower tempera- 
tures become unstable and the more easily resolved into the ^aaeous 
forms of hydrocarbons. As the carbon is always in excess, it follows 
that there must, with every increase in the quantity of gas, be a similar 
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im*ri^aHi‘ in tht» ({uanfitv nf |«t(i‘|i, uxnl of tin* fri'o ourlion in l.ho 
Mn* nilw pritihially 1iim*h Krt>kon U]» inl-ti j'uh arnl frn* nirhoU) aiul 

if tUo trf'mprrutun* tnki n far cnuniili tlu*v will iliMuppoar and tin* piioh 
lM‘fnjiu* rttrln>niwd. 

Thf iniiv uImm 1h« iditiiniiMl from tin* ourboiiisutiiai of tiiiibfr and fit.kor 
maUi*r. it in, hn\\rvi*r, uriiudpiiilly thr tar fruiu ^iiswurkH, 
rnkr ttvriiH, aiiil Wiiwt furimirn that tio* road t'unitO'JT h iiitrri'sti'd in. 

Till* tar ulitikiiifd is u xisfiius tluidi dark Iihomi m colour, and liaa 
a HjuTifu* ^ravit.v \arvin^ Ih'twccu 0**iri mid l*«. 

Tin* tar from j^iiMxorks \n of a vurviu^i'liarador, Imthumc it w nlihaiimd 
fiotn no particular Ktandard form of oad ; for example, the tar iditainiMl 
from the rarhonination of the cuttl from Newcaatlc in rich iu naphtlialuiin 
and anthraoenr, that from Wigan haa a higher proportion of Iioiuol 

Cond9n,»rt ' ’ 
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and phenol ; boghead or bituminouH Hhala produce toluene and naphtha- 
lene and only a anmil pi*reeutage of henxi*ue and iiiLthrae(*ni* ; then 
eannel may alHo la* tiKetl iit the workrt, and earlmretteil water gan may 
1)0 generateti, the tar from which alao varieK ; earbuivUed waber-gaN 
tar i« a totally diflerent kind of tar from mml tar, and Hlmuld iimperly 
be kept aeparate. 

The tarn frf>m the Umdon worka have a Hpeeiftu gravity of 1*IH, and 
thoao from provincial worka usually are Rb<mt 1*1. 

Although tar baa lK*en termed a waate product from tin* manufaoturo 
of gM, it can aoaroeiy Iw coiiHiden'd an nueh now ; it lubH a great value 
oomroeroially, and the analytical ntudy of thin cnniplcx nubBtanoo is 
engaging the attention of the IdgheHt talent in the world. 

It is Buoh an extramely uompItcatcKl material that» lo far, there have 
been found— 15 series of hydrocarbons oontaining 2 to 26 compounds 
in each, S4 oxygenised oompoundi, 24 sulphoretted oompounds, 32 
bam and 8 non-basto nitrogsuous oompounds, besides numerous others 
which are constantly being discovered. 
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The tar varies in oomposition with the quality of tlio coal, witli tlie 
type of retort, with the method of romnving the gas from tht‘ retort, 
and so on. It is removed from the gas by passing it tlirougli water, 
i.e. the hydraulic main. It is dopositc'd also at tlie ooiulensera and 
scrubbers. From these sources the liquid is run to a well from whu‘,h 
it is pumped into a tank, where the ammomacal liquor is Hiq>arati‘d from 
the tar. 

The tar is of a heavier consistency at the hydraulic main than from 
either the condensers or the scrubbers ; it naturally at thesj* points con- 
tains more of the volatile products. 

Where exliausters are employed to I'einove the gas an quictkly as it 
is formed in the retort, the gas remains for a shorter tiim* in contact 
with the hot walls of the retort, and as iino particles of eoal and coke 
are drawn away with the gas, this settles at the liydraulio main 
and hence the tar from those works will bo found to havn a heavy 
consistency. 

Coke-Oven Tar.— The numerous coke ovens m Huh country are 
principally of the “ Beehive ” type, but Hiey are being rapidly replaced 
by the closed-oven type. The tar which may bo foriiu^d in the Uocliivo 
oven is, practically speaking, ignored ; in fact, it is doubtful whether it 
would be economical to separate it. On the otlu‘r liand, tho tar from 
the dosed-oven type (Semet-Solvay) is one that wt% may reasonably 
anticipate will give a more regular and oven oharaoter than that from 
gasworks, because the coal used is of ono class. 

Dr Lunge gives the following analysis ; — 

Tabo XVII. 



Cos Tar. 

( Joko-Ovon Tar, 

Water 

Light oil . . . 

Benzol for aniline 

Solvent naphtha 

Creosote oil 

Crude naphthalene . 
Anthracene oil . 

Pure anthracene 

Pitch 

Carbon . . * 

Per dent. 
2-9 

4:‘0 

0-92 

0-20 

8-6 

74 

174 

0-00 

684 

16-26 

Por Uont. 

2-2 

84 

M 

0>32 

U«6 

6-7 

27*3 

0-70 

44-3 

6-8 


:^om 121 Otto ovens erected in GJassport, Pa., the tar, of wliioh there 
Mowing-—^” lia^ing a specific gravity of 1-17, contained the 
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per cent. 

U^ht oil, 80® to 170® 0 3-7 

Miadlo oil, 170® to 230® 0 9*8 

(\i‘OPott‘ oil, 230® to 270® 0 12-0 

Autliruooiu* oil, ovor 270® D 4-3 

Pitch 67-0 

Water 2*3 

TjORh 0*9 

100-0 


Ar about 10 Kallonfl of tar are })rt)ducod from a ton of coal, and about 
20,000,000 touR of coal am oarbnniRod oaoh year in ooko ovona, a largo 
amount of tar might be anticipated ; but as the Beehive type of ovenB 
are inatullod in the proportion of about 3-6 to 1 of the cloaed-oven type, 
the amount ot tar from that souroe ifl not as groat as it might otherwiso 
bo. The convorHion ie taking place Hlmvly. 

The amount of Biilphate of ammonia obtainable from a ton of ooal 
is about 25 lbs. 

Ronzol can alHo bo iirodunod from this tar to a greater extant than 
from ooal tar. As bonznl iw likely to booorae more and more in demand 
for motor purpofles, and sulphate of ammonia is equally necessary for 
agricultural purposes, it is probable that the production of tar from this 
souroe will be increased. 

In any case, the conversion from the Beehive to the olosod-oven type 
Ih almost certain, because the financial aspect is so favourable. 

Tabub XVIII. 



Somot-Solvay. 

Boohivo. 

Numbor of ovnni 

12 

12 

Aver&go timo of ooking (houn) . 

20 

64 

Number of ovoni dliohorgod in 24 hours , 

14-4 

6-6 

Coal ookod in 24 houn (tons) . 

70-B8 

27-31 

Coke producud in 24 hours (tons) 

Bfi-74 

17-04 

Sulphate of ammonia produoed In 24 hours 
(tons). 

Tar produced in 24 hours (tons) 

Yiela of ooko per oent 

0-7« 

Nil 

2-6L 

Nil 

80-7 

62-3 

„ NH^Of . t 1 « • 

1-07B 

Nil 

„ tar ..... . 

3-60 

Nil 

Value of ooke 

£20-14 

£6 

,, • • 1 . . 

£10-72 

Nil 

,, tBpT * t ■ i > . 

£6-14 

Nil 

„ produota from 1 ton of oocd . 

£6-08 

£ 0-6 

Cost of each oven ..... 

£820 

£63 

Duration of each oTon (vears) . 

^antity of ooke made m eaoh oven (toD«) 
Cost cA oven per ton of ooke 

10 

17-86 

0-017 

6 

2-91 

0-023 


if 
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The Semet-Solvay oven is a type which is becoming recognised as 
the latest and best of its class, and it is used in Belgium, France, and 
England. One of its principal features is the exclusion from the inside 
of the ovens of the heating gases. 

The process adopted at the gasworks for the recovery of the tar 
is in a very large measure followed and adopted at the coke ovens. The 
liquid passes from a hydraulic main into the tor wells ; tar is also obtained 
from the air condensers and water condensers ; the latter are composed 
of a series of chambers filled with water through which the gases from 
the ovens pass and a proportion of the tar is left behind ; it is then taken 
through a tar extractor ; here it passes through very fine perforations, 
strikes a cool surface, and the particles of tar are brought together into 
a liquid and flow with the other tar to the tar wells. 

Blast-Furnace Tar.— In Scotland there are a number of blast furnaces 
which are fed with bituminous shale which is suitable for the purpose. 
The yield of tar from these blast furnaces is from 6 to 10 per cent, of 
the weight of the fuel consumed. The same principle of condensing 
and cooling that has been descnbed is adopted for the recovery of both 
the ammonia and tar products from blast furnaces. The tar from its 
chemical and physical properties is similar to the tar from gas retorts 
worked at low temperatures ; it has a low specific gravity =0*96. The 
amount of tar produced from this source is equal to about J of the 
tar produced from gasworks, and the amount produced from coke 
ovens is about J of the gas tar. 

Carburetted Water-Gas Tar. — Water gas is produced by passing 
dry superheated steam over white-hot coke : the gas produced has some 
heating value. In order to make this gas suitable for illuminating, it 
is passed through hot retorts with vaporised oil. The tar produced from 
this process is equal to from 10 to 20 per cent, of the oil used. It is not 
unusual to mix the tar obtained in this process with the tar obtained 
from the coal-gas retorts, but, as has already been stated, it is advisable 
that it should be kept separate, as the tar is totally difierent. 

OU-Gas Tar is not produced in this country, but it is to some extent 
used in Russia and America. This gas is produced by passing oil through 
red-hot tubes. The oil is decomposed, forming a gas which is used for 
Uluminating purposes, but in the passing through the tubes some of 
the hydrocarhons are not decomposed, and form a tar. 

Fractional Distillation of Tar. — Tar as it is removed from the tar 
tanks contains, as will be noticed from the analyses, ammoniaoal liquor, 
water, li^t oils, etc. etc. None of these lighter products are useful 
in the ter used for road-making purposes, and it is necessary that they 
should be distilled off the tar. In some works the tar has only the 
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ammoniaoal liquor removed, and the crude tar sold frequently carries 
6 to 6 per cent, of water. The tar may be distilled so as to remove water 
and certain of the light oils, in which case it is called dehydrated tar ; by 
raising the temperature in the still other oils are removed, and the 
tar becomes heavier and the process can be continued until pitch remains 
or carbon. 

The specification of the British Engineering Standards Committee 
indicates that a standard can be arrived at. The method of distillation 
is somewhat as follows : — 

The still is usually an upright cylinder of wrought iron with a dome- 
shaped top and convex bottom. The fire is bridged so that the flames 
reach well into the dome and then pass round the cylinder and from 
thence to the flue and chimney. 

Steam pipes are fitted in the interior of the still with jets. At the 
head of the dome is fitted a pipe with cone-shaped entrance which passes 
to a condenser from which the condensed liquids are removed. Through 
the top of the dome of the still is placed a tar inlet, manhole, deadweight 
safety valve, overflow pipe, and thermometer ; and the foot of the still 
is the pipe which discharges the distillate in the form of a heavy tar 
or pitch to what is called the smothering chamber. 

The process of distillation is as follows : — 

The still is filled with crude tar to the level of the base of the dome of 
the still : this is determined by means of a float. An air-cook pro- 
vided in the crown allows the air to escape as the filling takes place. 

The openings are then closed and the heating commences. The heat 
is maintained at boiling-point for some time in order to free the tar 
from moisture ; this causes some slight explosion or humping. The water 
having passed to the condenser, the next liquid to come is the light 
oils, and the receiver is changed. Greater heat is necessary to make 
the light oils oome away, the heating being regulated to each change. 
Appro’ximately the process is as follows : — 

Dehydration up to 110® C. 

Light oil „ 210® C. 

Carbolic oil „ 240® 0. 

Creosote oil „ 270® 0. 

Anthracene over 270® 0. 

These are the broad fractions that are generally adopted ; in order 
to secure better isolation of the products, Intermediate temperatures 
are used and separate distillation. 

Dr Lunge ^ves the results of the treatment of 15,000 gallons 
of tar ; — 
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Tablb XIX. 



peratnre 

Ammonia- 
oal Liquor. 

First 

Light 

Oarbollc 

Oreoaolo 

Anthiocoue 

Plto 

Time. 

instm 

Head. 

BonningB 

Oil. 

Oil 

Oil 

Oil, 

Oil. 


DegB 0. 

kg 

kg 

kg 

kg. 

kg 

kg. 

galB 

8 0a.m to 10 30a m. 

80-08 

880 

4>10 



(20J hia.) 

10 30 to 11.80 . 

107-328 

BP gr. 1 00 

Bp.gr. 0*026 

260 

Bp.gr.O 096 







11 30 „ 1 80 . 

228-262 

• 


620 

Bp.gr 1*016 





1 80 „ 4 00 . 

363-378 




1800 

Bp.gr 1 046 




4.00 „ 0.30 . 

278-286 




. . 

1460 

OOBtJ 


BP gr. 1 ODD 


The ammomaoal liquor is treated and used in the manufaoturo of 
sulphate of ammonia ; the light oils are redistilled and called light oil 
naphtha. 

The distillation of the second lot of light oils is continued until the 
specific gravity is equal to 1-00. This fraction contains benzene, toluene, 
etc., and is very valuable ; it can be treated and made into benzol. In the 
rectification of this distillate the residue is sent to the creosote oil -well 
and the remainder is solvent naphtha. 

The third section is in many works included with the fourth and 
called creosote oils ; it is, however, this class that is used in the manufac- 
ture of disinfeotants, colours, etc. 

The fourth section is creosote oils and naphthalene, but there is in this 
oil anthracene, oreosol, etc. ; the naphthalene, however, is prominent to 
the extent of about 40 per cent. In the sale of creosote oil it is usual 
to stipulate the hmiting percentage of naphthalene, otherwise when it is 
received it will be a solid substance under certain temperatures. 

The fifth section or fraction is anthracene oil, sometimes called 
green oil, which is more often used for cutting back the pitch to a-softer 
consistency ; it is also used in the manufacture of ahzaiin.’ 

The residue is called pitch, and at ordinary atmospheric temperatures 
is a hard, brittle, black substance ; it can, by adapting the temperature 
of the still or by cutting back, be made into a soft pitch, moderately 
hard pitch, or hard pitch. 

If the distillation is carried too far, the pitch becomes coke and 
damage may be done to the stiU, 

Free Carbon — ^Effect on Adhesive Property. — ^The free carbon^ there- 
fore, in the pitch is a measure of the temperature at which the coal was 
treated. Obviously free carbon would serve no useful purpose as a 
constituent in road construction. It is, therefore, necessary to inquire 
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into the point where free carbon becomes a detrimental factor, taking 
into consideration the fact that coal tar cannot be obtained without a 
proportion of free carbon. The proportion depends in some measure 
on the manner in which the coal is treated in the retorts, and whether the 
retort is of the vertical type, the inclined type, or the horizontal type. 
In those installations fittod with vertical retorts (there are only a few in 
this country) the free carbon is said to bo least in quantity, while the 
horizontal type gives the highest proportion. The reason why this is 
flo is not quite clear, but it nevertheless is a generally accepted fact. 

A proportion of the free carbon may be considered as a very near 
approximation to soot ; the “ blacks ” that are given ofi when burning 
naphthalene will probably give some idea of the fineness and character 
of the free carbon. It is not generally regarded as an adhesive agent, 
rather the reverse, as it is often used as a temporary form of lubricant. 
Free carbon is also a well-known absorbent of moisture. However, 
it does not always follow that because a material by itself is a non- 
adhesive agent, if it is added to another material it will necessarily 
deteriorate the adhesive qualities of this material. As an example, 
bitumen is not necessarily adhesive until it has a suitable agent added to 
it which makes it so. 

Tar Adhesive at Certain Temperatures. — In the manufaotuie of 
coalite, the tar which is obtained has only a low percentage of freo 
oarbon, but the tar oan hardly be said to be adhesive at fdl, the oil 
being apparently in excess. 

Tar is an adhesive material at certain temperatures, but if the free 
carbon was removed entirely it would probably become non-adhesive ; 
therefore, laboratory experiments may prove that in the absence 
of moisture free carbon is the proper agent for maldng it adhesive. 
The question now arises as to the quantity. If a pitch has 33 per cent, 
free oarbon, and the specific gravity of the pitch is 1-2, it follows that if 
the specific gravity of the free oarbon is 1*6, the material which is distinct 
from the free oarbon has a speoifio gravity of 1*05. Mineral matter in 
other bitumens of the best olass is of a high speoifio gravity, t.c. about 
2*6, so that the bulk of free oarbon is 1*76 times greater than the bulk of 
the mineral matter in the bitumens. If the amount of mineral matter 
in tar is to have the same relative amount as in the bitumen, there should 
0017 be about 20 per cent, of free oarbon in the pitch. The mineral 
matter in the bitumen has not an affinity for absorbing moisture, so 
that the excess of free oarbon in the tar may have a detrimental efEeot 
in this way, as the more there is the greater willjbe the tendency to absorb 
moisture. 

Absorption of Moisture by Tar.—The testa for absorption of moisture 
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by tar, as carried out by Mr Race, FJ.O., and explained in a very compre- 
henflive paper publislied in The SurveyoT^ Nov. 26, 1910, would almost 
lead one to suppose tbat adhesiveness was inversely proportional to the 
amount of free carbon in the tar, and that the absorption of moisture was 
equal to one-third the amount of the free carbon. 

Naphthalene. — These tests are not empincal, nor are they necessarily 
results due entirely to the presence of free carbon. There is in the tar 
a very considerable quantity of naphthalene, niuoh of which is removed 
when the tar is distilled to pitch ; but if there is in the tar any 
naphthalene, it is quite possible that this substance may have had some 
influence on the absorption of moisture, as it has an even greater affinity 
for moisture than free carbon. 

Distillates from Tar. — In distilling tar, when the temperature reaches 
180® C. naphthalene begins to come over with the creosote, and continues 
to come over when the temperature reaches 260® to 270® 0., so that the 
creosote and the anthracene both have a proportion of naphthalene which 
has to be removed by settlement. There is a quantity of naphthalene in 
solution in commercial creosote and anthracene oils. It is therefore 
probable that in any pitch or tar there will be at least 6 per cent, of 
naphthalene, audit must therefore be accepted that these two substances, 
naphthalene and free carbon, are inherent difl&oulties, which may become 
important when applied to such works as road construction, subjected 
to long periods of moist conditions, and the continuous beating and 
pounding of traffic. 

In the majority of cases of failure that have come under the notice 
of the writer, there has been distinct evidence of moisture in the structure. 
The reason for failure, however, cannot be assigned definitely to the free 
carbon or the naphthalene, as the method of construction in each instance 
gave some encouragement to moisture to enter the structure . If moisture 
does penetrate to the interior of the road surface and a frost intervenes, 
the adhesion of the stone is likely to be broken, and as the moisture would 
be retained there would be no subsequent adhesion. Thus the road would 
be broken up without the material having been worn, or its use exhausted. 

London Pitch. — ^From inquiries in London, the amount of free carbon 
in the pitch varies between 26 per cent, and 33 per cent. Ajs the tar 
from the gasworks in and about London is nearly one- quarter of the 
tar thus produced, it becomes very important to test the material 
thoroughly before arriviug at the conclusion that the presence of free 
carbon in the above proportions is a disadvantage. More especially 
is this the cose when prominent advocates of tar in road construction 
regard the presence of free carbon in roads with comparative indifference, 
and mention roads where such tar has been used as successful examples. 



The difficulty seema to be in repeating the examples in other dietriota 
with a different class of traffic. 

Tar Producers and Tar. — The British Engineering Standards Com- 
mittee have, as haa been previously stated, published a specification of 
various classes of tar (see Appendix). 

This specification is doubtless one that tar producers can accept and 
give to road engineers, and one that road engineers can accept. It is a 
serious attempt to standardise the tar for road structures. But whether 
the tars so specified are such as will meet all the requirements is doubtful. 
They are based on the knowledge that was prevailing at the time the 
specifications wore considered and made, and doubtless had to accord 
with the requirements of the trade in respect to those oils distilled from 
crude tar which have a high commercial value. It is quite probable that 
it is due to this that certain elements remain in the tar, as specified, which 
could usefully be eliminated. For example, the tar, as specified, and 
which may be used in a sealing coat or tar-sprayed ooat will, under 
heavy traffic, wet weather, and a low atmospheric temperature, develop 
into a slimy mud. It is evident that the tar under such conditions 
becomes emulsified. What causes this feature to develop 2 Is it the 
naphthalene that is allowed to remain in the tar or the free carbon ; or is 
it some of the third or heavy oils which apparently the atmosphere seems 
to affect BO that oxidation takes place, or the sun or atmosphere is able 
to break up and aUow a portion to volatilise 1 Because, whenever any of 
these tars are exposed to the atmosphere, the surface quickly hardens. 

Obviously this charaoteiistio of tar is a detriment to its successful 
use as a medium in road construction under heavy traffic conditions. 

That there are elements in the specified tar which are unsatisfactory 
must be admitted ; in some cases it has been noted that a percentage 
of tar acids are included in specifications of creosote oil, which is used 
for the cutting back of pitch ; tar acids are useful for the preservatibn of 
timber, etc., but do not seem to the author to have any particular 
value for road-constructional work, and it would seem from the above- 
mentioned specification that these tar acids must be in the tar so 
specified, and it is possible that these or some other oils or acids may 
have the deterrent effects. 

There is a wide field for investigation in tar for road work, and the 
writer ie oonvincad from the results which he has secured that a careful 
and syetexnatio examination will discover in this material a much more 
valuable product than it is at the present time. The analyflib must work 
with the engineer, who knows what is wanted and what is to be sought 
for. It may be that as a result of this investigatixm certain portions may 
be removed with advantage ; on the other hand, it may be that certain 
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added material will prove to be an antidote and remedy the defects and 
be more eoonomioal. In any case, it is a subject that will well repay 
investigation if a sucoessful material is developed. Up to the present, 
experiments with diiferent materials have been tried with no particularly 
satisfactory results and with no apparent method. 

Tar is relatively a cheap material in tliis country, being about one- 
third the cost of bitumen in normal times ; but unless the results secured 
from its use are equal or nearly equal to those obtained from the use of 
bitumen, it may even at such a cost be the more expensive, as has 
actually proved to be the case in several instances. 

Dehydrated Tar is the tar which has been heated at 110° C. (230° P.) ; 
there should not be in this tar any greater percentage of light oils or 
moisture than 1 per cent If a thicker consistency is required, then 
the distillation can be carried to 210° C. (4:10° F.) to remove some of the 
creosote and naphthalene, or by a still further distillation up to 270° C. 
(618° F.) to remove the naphthalene and a portion of the anthracene. 
The temperature should not be raised above 270° 0. (618° F.), as the 
pitch above this temperature begins to decompose and carbonise. It is 
therefore necessary to continue the heating by means of steam-piping, 
the steam being at a pressure of 60 lbs , so that the temperature is not 
increased. The pitch thus obtainable is “ hard ’’ or “ soft,’’ depending 
on the amount of oil distilled off. 

Method of Testing Pitch. — simple method of testing for the quahty 
of pitch that is reqmred is to take a small quantity in the form of a cube 
(J- inch), pass a red-hot wire through the centre, and suspend the wire 
horizontally under water, then gradually heat the water up to 160° F., 
when the pitch should leave the wire : this temperature may bo termed 
its melting-point. 

Composition of Pitch. — Pitch is ‘‘ bitumen” and extraneous matter, 
such as free carbon, residual coke, etc. (bitumen being understood to bo 
a substance that is soluble in carbon disulphide). 

Test for Free Carbon. — ^This is as follows ; — A quantity of tar is 
treated with carbon disulphide or hot benzine until the extracted liquid 
is not discoloured : the residue when dried is free carbon. 

Fixed Carbon. — ^Free carbon must not be confused with free coffion, 
the test for which is determined by taking a gramme of tar and placing 
it in a platinum crucible, tightly covered, and then submitting the 
crucible to a bunsen flame 9 inches long, the bottom of the crucible being 
placed 2^ inches from the bottom of the flame : the residue after seven 
minutes is fixed carbon. 

Signification of Fixed Carbon. — ^Mr Clifford Eiohardson, in dealing 
with the question of fixed carbon in bitumens, says : In the determina* 
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tion of the amount of fixed oarbon whioh any native bitumen will yield 
when heated to a high temperature in the absence of oxygen, data are 
obtained whioh are of great interest as showing the relative proportion 
of oarbon and hydrogen in the bitumen under examination. In the case 
of the paraffin hydrocarbons of the formula C^H 2 ,j+ 2 , no fixed carbon is 
left on igmtion, while the amount increases with each diminution in the 
proportion of hydrogen to oarbon, until in grahamite as much as 60 per 
cent. IS found where the relation of oarbon to hydrogen is 8 to 1.” 

A high proportion of fixed oarbon in a bitumen is an indication of 
the severe treatment that the material has undergone in the course of its 
production. 

Uncertainty of Efleot of Free Oarbon. — The Road Board’s original 
specification, which has given place to the British Engineering Standards 
Specification (see Appendix), gave the percentage of free oarbon as 16 per 
cent., but this was amended to 20 per cent, owing to the difficulty of 
obtaining tar with such a percentage as is indicated, and to the 
uncertainty whioh prevails as to whether the higher percentage is any 
greater detriment to its use. 

Adhesion of Tar. — Mr Walker Smith, who has closely examined 
into the peculiar characteristics of tax, has among other matters given 
a table of its adhesion and also its re-adhesion at two difierent tempera- 
tures. The figures have been amphfied in a subsequent paper published 
in the Proceedings Inst. 0. B., vol. olxxxvi. The table is most interesting, 
as it demonstrates the erratic qualities of the tar, probably obtained in 
the ordinary way, and without being brought to any specific standard. 
Each of the tars had diferent specific gravities, and consequently it can 
be assumed that they difiered in consistency. 

« 
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Adhesion. 



Ee-adhesion. 


Material 

66® F. 

110® F. 

Per 

oent. 

66® F. 

Per 

oent. 

110® F. 

Per 

cent. 

Coal tar 

1 . 

46-76 

36-60 

-22 

41-76 

- 8 

12 

-67-9 


2 , 

6120 

20-00 

-60 

20-00 

-60 

8 

-84-9 

II 

B . 

49*60 

83-26 

-1-68 

64-26 

+ 9-6 

44-26 

-16 

II 

4 . 

160*00 

204-00 

H-86 

89-00 

-40 

117-00 

-22 

Tarvia 

1 , 

4100 

47-00 

+14 

83-00 

-19 

16 

-88 

If 

2 . 

181-00 

143-00 

+9 

76-00 

-42-7 

63 

-60 


No standard has been laid down as to what is the amount of adhesion 
that is required in a good road construction, so that there can be no 
comparison ; primafaoiSf Nos. 8 and 4 give the best results. 
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That adhesiveness is necessary in a binding agent is a sine qua non ; 
but adhesiveness is not a serious item. For instance, if a stone is so 
surrounded with or embedded in other material, while the actual adhesive- 
ness of the binding agent between the stone and the material in which it 
is embedded is small, as it is in a water-bound macadam road under ideal 
conditions, its movement is confined to the minutest limits ; the stone 
cannot break away from contact with the other material, and therefore 
adhesion plays a somewhat unimportant part, and ductility becomes a 
much more sought-for characteristic 

Importance of Adhesion In Tar Macadam.— In the usual methods of 
tar-macadam construction, the adhesiveness and re-adhesion would play 
an important part, because the stones are not embedded in a material 
but have comparatively large portions of the stone unconnected and 
therefore subject to considerable movement. 

Atmospheric Temperature— Effect on Roads. — roadway surface 
is exposed to the full rays of the sun, and a black substance such as tar 
will retain the heat for a longer period than a lighter-coloured surface. 
In London, during July 1910, a temperature of 121® F. was recorded, 
but in July 1911 the temperature went up to 132® F. These high tem- 
peratures have therefore to be taken into consideration, but it does not 
follow that because the surface has a high temperature that such a 
temperature would be obtained 2 or 3 inches below the surface. 

The other extremes are also to be considered : the winter tempera- 
ture will go to about 26° F., summer evemngs and nights wiU give a 
temperature of 63° to 66® F. Bo that, if an average is taken, possibly 
the latter would prove to be a fair figure. In road construction the 
average oannot be taken, but the limits when the traffic is exerting its 
influence on tie road, i.e. between 9 a.m. and 6 p.m., and during those 
periods the temperature may be about 30® F. in the winter and 120® F. 
in the summer 

Viscosity of Pitch. — A pitch that was used for grouting a macadam 
road was examined and tested with the object of finding the viscosity 
at various temperatures. The test was made by noting the depth a 
weighted needle would penetrate the pitch in one second. 


At 

o 

o 

CD 

penetration 

wa,g 

nil. 

a 

60° 

33 33 


33 

1 mm. 

33 

80® 

3 3 3 3 

33 

33 

8 mm. 

33 

90® 

3 3 3 3 

33 

33 

16 „ 

33 

100® 

33 33 

33 

33 

GO 

33 

110® 

„ the 

pitch was 

too 

soft to 




record the 

measure. 



This sample would, therefore, prove to be too hard in winter months 
and too soft in the summer weather. 

Variations could be made which would give a penetration at 40® F., 
but the softness would be reached at a lower temperature than 110® F. 
The addition of slaked lime would probably enable the mLsture to be 
measured by penetration at 110® F., because the lime would prevent 
the pitch from moving during the time of the test. Either creosote 
oil or anthracene oil is used to soften the pitch (see the British 
Engineermg Standards Specification for the method of heating and the 
proportions to be used). 

If pitch and creosote oil is placed in a pan and heated, it will be 
noticed that when the temperature rises to 160° F. fumes become visible, 
which shows the low evaporative power of the oil. If the temperature 
IS raised to 270® F., which is the usual temperature for making the com- 
bination, it must be anticipated that considerable volatilisation will 
have occurred, and if the pot is left simmering for any lengthy period 
at even a lower temperature, the viscosity will have altered in a very 
marked degree. 

Volatilisation ol Tar.— In this connection Mr Walker Smith gives 
a very striking example, in his treatise on Bmtless Roais, on the evapora- 
tion of tars at ordinary temperatures of 60® F. and 110° F, 

Table XXI. 


Material. 

Sp. gr. 

One Week 
at 60® F. 

One Week 
at 110® F.i 

Ooal-gas tar . 

1-23 

0 23 

1-10 

Coke-oven tar 

1'21 

1-70 

8 80 

Distilled tar 

1-196 

0-74 

3 20 

Tarvia 

1-246 

0-60 

2-13 


i The flgnra under this head are In esccess ol those at 00^ F. 

In the paper read before the Inst. O.E., vol. clxxxvi., the same author 
gives perhaps the best example of a standard for tar that can be made. 
He limits the evaporation of tar to 1 per cent, at 60® F. in one week. 

It would seem that this is the very factor that ought to be eliminated 
altogether, but the possibility is doubtful. 

It becomes evident that as it is the oils which keep the pitch in a 
pliable condition, any reduction by evaporation inust harden the pitch 
and gradually make it brittle. If 1 per cent, can be absorbed in one week 
at 60° F., as there is only about 20 per cent, of oil in the pitch, it is oon- 

8 
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oeivable that twenty weeks’ exposure would remove the softening agents 
This is not likely to be the case in any road oonstruotion. The surface 
of the tar hardens, and this will prevent the interior oils from beinj 
absorbed into the air , but any cutting into the surface of the tar, anc 
consequent exposure of a new surface, would. cause the reduction as t 
matter of course. 

Hardening of Tar, — ^In road construction, therefore, it might h 
taken that the tar should not be hardened by the addition of lime 
sulphur, or resin, because the volatilisation that will go on during it, 
life in the road would perform the necessary hardening. But it is founc 
desirable to add a little resin and a, comparatively speaking, large quan 
tity of oil, and also a proportion of lime. The oil softens the pitch, tb 
resin hardens, or, preferably, raises the melting-point without materially 
altering the efiect of the oil. The hme, if carefully placed in the masi 
by sprinkling and constant stirring, will act as a preventative of the flow 
ing of the material when it reaches that stage through excessively higl 
atmospheric temperature. Sulphur would act as a hardening agent, bu 
its use is not usually considered advisable. 

Examples of the hardening of tar when submitted to atmospheric 
conditions are plentiful, in the grouting processes and on the roads whicl 
have either been tar-painted or on roads which have been laid with ta 
macadam. In July and August of 1911 a road was coated with stone 
and afterwards pitch-grouted. The weather was exceedingly hot anc 
dry, and the pitch was noticed to be in a flowing condition, leaving the 
middle portion of the road for the sides. In September, on a day whicl 
was equally hot, there were no evidences of the pitch flowing, and the 
stickiness of the pitch had entirely disappeared. The intervening montl 
had been very hot, and there is no doubt that the volatilisation had beei 
considerable ; and the impression given was that the tar was dry, hard 
inclined to be slippery, and that it would not take very much more o 
such severe atmospheric conditions to make it easily crumble. Som- 
portions were soft, and it may have been due to faulty mixture. Thi 
would probably be an exceptional case, as the pitch ought not to hav 
deteriorated so rapidly. 


TABrSPEAYINa 

The hardening and subsequent disintegration or breaking up o 
tar IS seen more frequently and more strikingly in tar-painted or tai 
sprayed roads. 

The tar is laid on an existing water-bound macadam surface, whioj 
must be fairly true and dry, by means of a brush or mechanical spray 
"While the tar is in its fresh, adhesive condition it is coated with a laye 
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of fine ohippings or with sand. In some oases this layer is so thiok 
that no tar is at first visible. It is then either rolled with a steam-roller 
or the traffic is allowed to work the ohippings in In other oases the 
material ohosen is merely sprinkled lightly over the tar, so that it is not 
at all hidden from view. 

Within a few hours the sand is absorbed by, or is coated with, the 
tar. Probably before the end of a week, and especially so if the weather 
IS very hot, the surface becomes oxidised and hardens ; this coating is 
tough and resilient, and makes a very acceptable roadway. After a 
time the traffic, if it is continuous and heavy, will affect it ; it becomes 
dry, and a brownish powder is seen on the face of the road. This appears 
to be the first sign of disintegration, but it is not until tlie weather turns 
cold and wet or damp that the breaking up of the tar takes place in any 
marked degree. 

It is more severe where the ohippings and sand have been heavily 
laid on the coating of tar, as may be explained by applying the .defects 
that have been elucidated in the foregoing paragraphs. The tar is in a 
very thin layer on each stone, therefore greater volatilisation has taken 
place than would have been the case whore the ohippings had been merely 
sprinkled over the tar-coating. The tar is also in a very fluid condition, 
and while it is hardening the ohippings are moved about by the traffic, 
continually exposing new faces and encouraging volatilisation in the 
highest degree. The thin sprinkling of sand (the writer adopts this 
method and sweeps the surplus away after forty-eight hours) leaves a 
greater body of tar on the surface, and tar is more adhesive to itself 
than to outside bodies. It must bo borne in mind that the tar that is 
used for tar-spraying or tar-painting is dehydrated tar, i.e, the tar from 
which the water, naphtha, phenols, eto., have been removed ; it still retains 
the naphthalene, the substance which absorbs moisture. 

Moisture a Deteriorating Factor. — If a piece of the tar-coating, which 
is more or less easily peeled off the surface, is broken, there is distinct 
evidence of moisture, and in some oases a crystalline structure. It 
must therefore be anticipated that moist and wet weather will have a 
deteriorating effect on the coating, and it only requires sufficient traffic 
to complete its destruction. 

Softening Pitch. — ^To use tar which has had the naphthalene removed 
would be a somewhat costly procedure, as it would involve distillation 
to pitch and softening back with heavy oils, and the amount or pro- 
portion of oils would be so high that it would take a much longer period 
to set, quite apart from the difficulty of laying it and the greater excess 
of oil over the quantity that is in the dehydrated tar, the oils of which 
are lighter and more evaporative. 
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EllBOt on Macadam.— One of tho tlisadvaniages of tai-spraying oi 
puintiiig til till' I'lTi'ct it lias on tlio intuiadam undoiaeath. The coating 
ul liir in laid in ordi*r to jiiovont any moieturo from penetrating to the 
iiiai'adaiii ritnutl.uru ; hut ae tho niaoadam is dependent on a certain 
jH'rri'titagi' tif iaoi.stiiri' in order to maintain its firm condition, and as 
fill' tar iH only plaiu'd tm the Burfaoo of the road when the latter is in a 
dry I'liiidition, a eertain mnull proportion of the tar, which is in an attenu- 
iiti’d lioiidition, or of noine of the oils from it, penetrates the due material 
le't wi'i'M ihe Kfoni'M, ovidenee of wliich is the brownish colour imparted to 
I he line mute rial, 'riiis removes the hinding properties that previously 
I'xiHU'il. While the tar-coat is whole, no damage is done, but immedi- 
ately file oimliiig is worn through by the traflio, the macadam rapidly 
ravels and holes are formed. It therefore beoomos necessary to carefully 
wateli the deterioration and wear of the tar-coat, and reooat this 


{lortion before it ia too latu. 

Affinity of Limestone for Tar. — Limestone or certain classes of lime- 
atuno appears to havo a greater aJHiiity for tar than any other stone, 
and the above oonditiojiR do not seem to apply to such an extent as they 
do with granlto or with flints, hut on liincatono the surface hocomes much 
more Hlippery, and consequently loss acceptable to users of the road. 

Tar-sprayIng an Annual Process.— It is recognised that tar-spraymg 
must be timie anniwlly, on account of the volatilisation winch goes 
on. Tim oils which keeji tlio tar pliable to a large extent disappear, 
and if it is left longer than about twelve months, the coating rapidly 
breaks up by ordinary trallio conditions. The annual dressing is re- 
quired, therefore, to impart “ liveliness ” to the old material ; thus 
«ach year the ooat becomes thicker, and at some time or other will have 
to bn removed. It is therefore desirable that the first coat should be 
as lightly laid as possible, and just enough for the purpose— the writer 
turcads ono gallon over 9 to 10 superficial yards. In the majority of 
roads this appears to bo quite sufficient to lay the dust, but there 
are many roads where this coating is worn away in about two months, 
when a aecond coat is applied, and whore necessary a third coat ; by 
the time the winter arrives, the road is no worse than it was m the days 
when tar-apraying was not adopted. The only objection that is raised 
ia that the duU black appoarauoe of tw-spraying is an eyesore ; but the 


advantages are admitted. 

There ia no doubt that it is an eoonomioally sucoessful method of 
treating macadam roada. The chart at end of book shows whet has 
been done in one of the boroughs of London, and there are many 
other diatriota which could testify to equal, if not supenor, results 


than are there indicated. 
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There are many roads -where tar-painting is almost of permanent 
ad-vantage, i.e. roads lightly traffioked, as few kno-wn processes of 
construction would compare with it in cost, notwithstanding its dis- 
advantages. 

However, it can only be regarded in the majority of cases as a palli- 
ative, a temporary expedient, and only to bo adopted ponding the time 
wlien a satisfactory, permanent, imptirvioiis, and cheap (in first cost) 
pavement can bo adopted to replace the water-bound macadam road, 
combined with the annual tar-]minting. 

Machines for Tar-spraylng. — Tliero aro quite a number of machines 
on the market for the pmrpoBo of tar-apraying. Tlio principle in each 
is very similar : the tar is heated in a tar-pot to a temperature of about 
260“ F., and then pumped either by manual labour or by inAHTia <jf 
steam power. Passing through an air chamber which equalises the 
pressure, the tar is forced through a small pipe at high speed to a 
nozzle, impinges on the sides, and is whirled round and broken up 
against a plate, issuing forth in the form of a fine spray on to the 
surface of the road. 

Meohanloal Tar-spraylng Machines.— The illustration facing this page 
sho-ws one of a number of forms of tar-spraying machines. The tank 
in front of the tar boiler is filled with tar, and a pipe connection -with a 
hand pump joins the tank with the boiler. 

The boiler is partly filled with tar, and a fire heats it to a proper 
consistency, and as fast as it is sprayed on to the road the boiler is 
supplied with tar at the same speed by means of the pump and pipe 
connection ; by this means the heat of the liquid is oonstant. When the 
tank is emptied, it is unhitched from the tar boiler and another full- 
loaded tank is hitched on to the buil(>r. By this means the work is 
continuous. 

The tar is pumped by hand and forced through a pipe at the end of 
which is a specially designed nozzle which breaks it into exceedingly 
fine molecules. 

Fig. 24*. shows a 1000-gallon tar-spraying machine complete in itself ; 
it is its own tar tank and boiler, the heating being done by moans of 
steam coils placed on the bottom of the tank. The steam is taken from 
the boiler of the engine which is used to drive tlie vehicle. 

The spraying is done by a series of nozzles placed at the hack of the 
machine and near to the road surface. The pump is in a recess at 
the rear of the machine, and it is worked from the tear wheels of the 
tank. By thle means the pump only works when the is 

travelling. A olntoh is placed on the shaft, by which means the 
working of the pump can be thrown in or out of gear. 
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The Bpiaying can be adjusted to cover from 3 yards to yards per 
Ion of tar. 

Spraying with Thick Tar. — The thicker the tar, the more it has to 
heated to get it of the proper attenuated consistency to be broken 
into a spray ; greater pressure is also required to deal with it satis- 
torily, but it is the rule that, where a heavy tar is used, tar-pamting 
means of brushes is adopted. 

Consistency Tests for Tar. — Some distillers distinguish the different 
alities of tar by specific gravity, but this does not give one any idea 
whether the tar is liquid or not. The specific gravity may be, say, 

I in one case, whereas another tar of the same specific gravity would 
)w quite a different consistency- ; one might be liquid and the other 
id. 

Twaddell’s Measure. — ^For hquid tars TwaddeWa Measure is used ; 
B is a weighted glass tube and bulb, which sinks into the tar, the 
pth that the tube sinks being read off on the tube at the surface of 
i liquid E g.ii e, liquid tar gives a measure of 40, then the specific 
mty IS obtained by multiplying by 6 and adding 1000, then dividing 
3 result by 1000 — 

8p. gr.=(40x6)+1000^^^2 
1000 

The fractionation tests that are given in the British Engmeermg 
andards Specification are an ample and sufficient guide to the various 
alities of pitch and tar used in road construction, and if adhered 
the results on various roads may be compared. 

Combination of Pitch and Oil. — The method of mixmg pitch and oil 
the above-mentioned specification is termed “ softening back ” or 
jutting back.” It is the method that is adopted to free the tar from 
e naphthalene. The pitch must first be heated and melted and kept 
nstantly stirred, so that it is not burned ; when the lumps have dis- 
Ived, the oil is added, and the temperature kept at about 270° E. 
ttil all bubbles have disappeared and the surface is perfectly level 
d glassy. The heating will be performed in a more satisfactory 
anner if the direct heat from the fire is kept away from the bottom of 
e pan ; the fiame should be passed along a flue of brickwork, so that 
ly the hot gases from the fire surround the pot before they go to the 
imney. 

No definite amount of oil can be given, as the consistency is variable 
id the results to be obtained are not common. A free-flowing oon- 
itency can absorb 30 to 40 per cent., whereas a tar that is pliable when 
Id would require only about 16 to 18 per cent. It may be necessary, 
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if tlie ndztiire has been over a hie for a long period, to test the con- 
sistency and add more oil. When the mixture is cold and a piece is 
stretched there should be no small excrescences in the stretched piece, 
which would indicate indifierent heating and mixing. 

Alr-tlght Covers — ^Mechanical Mixing* — Where wAchanicdi, mixing is 
employed it may be of advantage to use air-tight covers to the pan, 
but it does not appear to be desirable otherwise. There is too great a 
tendency to be careless and overheat, and so bum the tar. A good 
design of pitch boiler is shown in fig. 25. 

Failure of Tar. — Many engineers regard tar as a failure, because it 
has failed in places where it was expected to give success ; in these 
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oases the fault lies, not necessarily with the material, but in the use of 
it, the traffic being too heavy for the method of construction. 

Where the traffic is light and not too continuous, tar macadam, 
even when refined tar is used as the binding agent, will last satisfactorily 
for many years, and an occasional surface dressing of tar, or preferably 
a mixture of tar and bitumen, or, even better still, a coating of bitumen 
properly prepared, will give it quite a permanent and lasting surface. 
It is very difficult to paint a road surface with a thick native bitumen 
even in a hot state, because it does not adhere to the surface ; it will in 
most cases peel ofE ; the impalpable powder on the surface prevents the 
adhesion which is necessary. 

Mechanical Mixers of Coated Material. — The mixers generally avail- 
able are for mixing even-sized stone ; they are not capable of mixing the 
fine material which is frequently necessary in some of the composstfenB 
that latterly axe becoming recognised as necessary to the dttiieture. 
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The majority have been merely adapted from concrete mizere, and are 
not Buitable for inizing a heavy liquid euoh as the tar oompoeitioua that 
are being used together with the proportion of fine material that is 
necessary to fill the voids in the macadam. 

The type of mixer should be. of the class that has a series of blades 
on one arm with another arm fitted with a similar si'ries of bladoH. Each 
arm would revolve horiaontally in opposite direotions, thus thoroughly 
separating and mixing every jiartiule equally. The speed is high, and 
each batch would ho perfently coated and mixed in less than onu minute. 
The advantage of these mixers lies in the fact that not only will the fine 
inatoriul be equally as well coated with a thick bitumen or tor, but the 
maehino is equally capable of mixing largo material, so that it is prob< 
able that the batch mixers that are sold for mixing of tar macadam 
will go out of use, and the revolving arm type wiU become more in 
demand. 

Cases In which Tar oan be used sueoessfuUy.— The writer is of the 
opinion that tar should only bo used where it can bo removed from the 
efiecte of the atmosphurio conditions. A tar macadam oan bo made of 
similar composition to the present maeadam, with tar made by a 
*' softening back ” of pitch and anthracene oil or creosote oil in the 
proportion of about 76 per oont, and 26 per cent., the stone and fine 
material to be made bone-dry by being heated for some time at a 
temperature of at least 260° F., mixed together in the hot condition, 
and laid at onoo on the road, so that when it is cold it is in a solid but 
just resilient condition. When it has been rolled, the auifaoe should be 
treated (1) by a ooating of bitumen and sprinkled with ohippinga, or 
(2) by a surface sheet of varying thickness of a bituminous composition, 
the least thickness being | inch, but inoreasing with the trafdo up to 

inches. In this way a tarred base coat oan be used to give a founda- 
tion and form part of the struoture of the surfaoe, and the tar, being 
hidden away from the atmosphere, should retain the condition in which 
it was originally laid. Any tar macadam which is presenting a good 
surfaoe would be immeasurably improved by a coating of native bitumen, 
the ohoioe of which may be gathered from the details which are given 
in the next chapter. The reason for suoh coating is, that properly 
selected bitumen is not a&otsd to anything like the same degree as tar 
by the weather, and so the use of bitumen will asust the life of the tar 
macadam underneath by removing it from the influsnoe of the 
atmoBphsie. 

It would be advisable to consider, by a ssries of analyses of trafiSo 
and forms of tav-aaoedau oonstiuotlima, for what olass of road as 
regards trafiSo such tair macadam oan advantageously be used, without 
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breakmg up before the material composing the greater part of the 
structure has had the opportunity to wear. 

Satisfactory Slga In a Road. — The most important sign of satisfaction 
on any road surface is the ability of the surface to become dry after a 
rainstorm or in moist weather. If a road surface takes a long time to 
dry out, then one may look forward to disintegration at an early period. 

The advantage of a quicMy-drying surface is in the winter, as there 
is less fear of a slippery face due to freezmg of the moisture, and also 
less opportunity for the trafido to beat the moisture mto the surface 
material. 

Asphalt 'disposes of the water most rapidly ; new wood paving is 
somewhat behind asphalt in this respect, and old wood paving is still 
slower. New tar macadam is fairly rapid in disposing of the moisture, 
but in course of a little time there are dark patches where the traffic 
concentrates, which takes a considerable period to disappear. Ordinary 
macadam is, of course, the longest of any of them. 

Romenclatore of Tars and Bitumen, etc.— The Engineering Standards 
Committee in April 1916 published the report on “ British Standard 
Nomenolatuie of Tars, Pitches, Bitumens, and Asphalts when used for 
Road Purposes, and British Standards Specifications for Tar and Pitch 
for Road Purposes.*’ 

1. Tar. — Tar is the matter (freed from water) condensed from the 
volatile products of the destructive distillation of hydrocarbon matter, 
whether this be contained in coal, wood, peat, oil, etc. 

2. Prefix denoting Source of Origin or Method of ProdAjL(Aion, — A 
prefix such as coal, wood, peat, gasworks, blast furnace, coke oven, etc., 
must be added to the word “ tar ** to indicate the source of origin or 
method of production. 

3. Definition of Pitch. — ^Pitoh is the solid or semi-sohd residue from 
the partial evaporation of tar. 

4. Definition of Bitumen. — Bitumen is a generic term for a group 
of hydrocarbon products soluble in carbon disulphide which either 
occur in nature or are obtained by the evaporating asphaltic oils. The 
term shall not include xesidnes from paraffin oils or coal-tar products. 
The commercial materials may be described as bitumen if they contain 
not less than 98 per cent, of pure bitumen as defined above. 

6, Definition of Natwe Bitumen. — Native bitumen is bitumen found 
in nature carrying m suspension a variable proportion of mineral matter. 
The term “ native bitumen ** shall not be applied to the residuak from 
the distillation of asphaltic oils. 

6. Definition of Asphalt, — ^Asphalt is a road material oonristing of a 
mixture of bitumen and finely graded mineral matter. The mineral 
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matter may range from an impalpable powder up to material of such a 
size as will pass through a sieve having square holes of ^ inoh size. 

7. Definition of Native or Roch As-phalt , — Native or rock asphalt is a 
rook which has been impregnated by nature with bitumen. 

8. Prefixes denoting Source of Origin . — The Committee recommend 
that, for convenience of identification, prefixes denoting geographically 
the source of origin should be attached to each of the four terms defined 
above. 
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Petrolenes and Asphaltenes. — The solubility and insolubility m 
petroleum naphtha is of some importance. The soluble component is 
classed as petrolenes, the insoluble component as asphaltenes. One is 
a liquid and the other sohd. The petrolenes play an important part in 
road-structure requirements. The asphaltenes have no binding pro- 
perties, but when in solution or mixed with petrolenes it is the 
asphaltenes that give the petrolenes their binding properties and add 
stability. 

If the petrolenes are of a sticky nature and not oily, the bitumen 
will act as a good cement, whereas the oily variety has not the necessary 
adhesive characteristics. 

Many of the petroleum residues which are classed as bitumens have 
the petrolenes of the oily kind, and although they may bo in ample 
percentages, they do not provide the proper values which are necessary 
in road structures. 

Asphaltic oils from Trinidad, California, and Mexico are of a sticky 
or cementitious character, and the proportion of asphaltenes is about 
i to -J- of the petrolenes, hence they are likely to be made into useful 
asphalt cements suitable for road-constructional work in what are known 
as bituminous pavements. 

Tests. — Tests should therefore be made to determine the specific 
gravity of the material, its solubility in petroleum naphtha, the amount 
of paraffin scale it contains, its ductility, the percentage of asphaltenes, 
its consistency as denoted by a penetrometer, its viscosity which is 
determined by the rate at which the material will fiow at a definite 
temperature in a given period of time, and its volatility when exposed 
for a given length of time at a specified temperature. 

No Definite Standard. — Although no definite standard has been 
arrived at, it has been customary to make the comparison with the 
analysis of Trimdad Lake bitumen, which seems to have provided such 
satisfactory results that the engmeer will not go far wrong if the ohar- 
aotenstics closely approximate to those exhibited by this material. 

In the future it wiU probably be determined exactly how far varia- 
tions may he allowed in the bitumens to be used in bhis class of work. 
Some attempts have already been made, and it has been suggested that 
these should not be less than 15 per cent, of asphaltenes, and that any 
less than 70 per cent, of petrolenes indicates an insufficiently adhesive 
material, and these petrolenes must be of the sticky variety. 

Nature of Bitominous Material. — It is not the purpose here to enter 
into a close study as to the nature of bitumens or to what class of hydro- 
carbons they belong. Information on these points can easily be obtained 
from the various treatises that have been published by expert chemists. 
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But it is necessary to indicate the tests whicli are accepted as being of 
value to those who propose to use bitumen in road -constructional works. 

Even with a bitumen that satisfies these tests, it does not follow 
that the material will prove satisfactory ; the best bitumen in existence 
can be rendered valueless by carelessness or by an indifferent knowledge 
of how to use it 

Fluxing Oils. — From the previous chapter, the analyses of tar show that 
there are substances in the tar which are attacked by water and arc highly 
volatiliaable at low temperatures, and it is difficult to flux a tar-pitoh 
with other oils than those which have been distilled over, in which there 
would be about 30 to 40 per cent, of material which has great affinity 
for moisture and forms into a solid at a temperature of about 60° F. 

In the treatment of solid bitumens there are two classes of oils suit- 
able for fluxing. These oils, unless carefully examined, may contain 
deleterious matter, light oils, paraffin scale, cracked products or un- 
saturated hydrocarbons, whioh are easily oarbomsed on heating 

Test of Volatilisable Products.— The bitumens should also have 
eliminated from them any volatilisable products, and this might be 
regarded as one of the tests — ^that a seven-hour test at 326° F. should 
not give a loss of more than 3 per cent., or at 400° F. 6 per cent. It is 
desirable that this high temperature should be taken, as it is the usual 
heat for securing a free-flowing liquid for mixing purposes, and any 
serious loss of oils would naturally unfavourably affect the mixture. 

Defects in Tar and Asphalt Pavements. — ^The defects which are found 
in tar pavements are to be found in some asphalt pavements, but they 
take longer to develop ; an asphalt pavement must not develop cracks, 
disintegrate, or scale or shell off, and should not become too wavy. 
These defects are caused by a variety of factors. Cracks can, of course, 
be the result of an indifferent foundation or base, the use of an unsuit- 
able bitumen, or the use of an unsuitable fluxing oil in a suitable bitumen. 
Disintegration can be caused by an unsuitable bitumen, one that is too 
hard in cold weather, a lack of quantity of bitumen, or an indifferent 
choice of material forming the aggregate. Scaling may be caused by 
the inclusion of light oils in the fluxing of the bitumen or in the bitumen 
itself, and by too severe a compression while being laid. Waviness will 
be caused by the excess of bitumen, or a bitumen that softens too freely 
in warm weather. 

Tests for Bitumen. — It is therefore necessary that in any bituminous 
pavement great care should be exercised to see that a stable bitumen 
is used whioh responds to tests set forth in the following notes, and 
whioh will in some measure be dependent on the aggregate and fine 
material that is used. 
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No bitumen that contains paraifin can be termed an asphaltic 
imen, and it will prove to be the case that the residual oils from this 
roe will not have much success in road construction, as they are too 
rt and have a tendency to emulsify with moisture. 

Coal is a pyro-bitumen, i.e, it has to be subjected to destructive 
jillation before the products are soluble in any of the reagents for 
imen, such as carbon disulphide, etc. The product tar is, however, 
reotly and properly termed a bitumen. 

Mr Clifford Kiohardson, in his work on The Modern AsjphaU Pave- 
nt, lays it down as a guiding rule that an asphaltic bituminous 
tonal intended to be used as a binding agent in road-paving con- 
uctions shall have a melting-point near to that of boiling water, shall 
equally soluble in carbon disulphide and carbon tetrachloride, and also 
irgo proportion of the bitumen shall bo soluble in 88® naphtha. The 
irooarbons soluble in 88® naphtha shall also consist to a considerable 
p:ee of saturated hydrocarbons yielding about 16 per cent, of fixed 
bon and a high percentage of sulphur. 

The conditions laid down here are being accepted in various parts 
the United States, and would seem to give results which are satis- 
tory ; but they must, like all other tests, only bo considered as arbitrary 
til further experience has definitely made them or others empirical, 
e first of those conditions is important, because if the melting-point 
liigh, it shows greater difficulty in dealing with it from a commercial 
int of view, and when used in a road thoro might bo conceivably a 
b easy task in the repair, or even in the laying down, of the material 
the first instance. It would also indicate hardness, shortness, and 
n-duotility, and in cold weather would probably make a slippery 
vement. It may be taken for granted, also, that the percentage of 
ed carlon will be high. 

A selection of bitumens have been taken, and a comparison will 


3w their differences : — 


Bermudez 

. Flowing-point 170® F. 

Cuban Bejuoal 

o 

O 

(M 

Maracaibo 

. .. 210® 

Trinidad Lake 

190® 


le percentage of fixed carbon in these bitumens is ; — 


Bermudez 
Cuban Bejuoal 
Maracaibo 
Trinidad Lake 


Fixed carbon 14 per cent. 

s) a >) 

)) s» 9» 

II IS 11 91 
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From these figures, Bermudez and Trinidad Lake bitumen fulfil the 
reqmrements laid down, and in this respect should prove more valuable 
than Cuban or Maraoaibo. 

The crude bitumen as it comes from the earth has extraneous matter 
in its composition, such as moisture, vegetable refuse, eto. These must 
bo removed by a process of heating before it is marketable, and it is 
in this refined condition that the examination is being considered. The 
solid bitumens that are used in paving work as they are refined are not 
of the right consistency, but have to be fluxed with lighter oils, and the 
ease with which this can bo done, and the less the quantity required, 
will also be an important item. Therefore the softness of the bitumen 
may be considered to be a factor, although not one on which too much 
emphasis must be laid. 0 denotes hardness, and the increase in the 
numeral denotes a greater degree of softness : — 

Softness. 

Bermudez is represented by . . .22 

Cuban Bejucal „ „ ... 0 

Maraoaibo „ „ . . 20 

Trinidad Lake „ „ ... 7. 

This test for softness is not very satisfactory as a guide, because it 
must bo evident that the presenoo, for example, of the exceedingly fine 
mineral matter in Trinidad Lake bitumen will have the efieot of harden- 
ing the bitumen by penetrometer tests. If, however, the nuneral matter 
was removed from the crude or epurS bitumen, the softness would be 
represented by a much higher figure. 

The amount of bitumen soliible in carbon disulphide is : — 

Bitumen soluble m 
Carbon Bisulphide. 

Bermudez 96 per cent, 

Cuban Bejucal .... 76 „ 

Maraoaibo 96*8 „ 

Trinidad Lake .... 66'5 „ 

From a comparison of these two sots of figures, one would conclude 
that Bermudez and Maracaibo gave bettor results than the others, and 
that the softness is dependent on the percentage of bitumen ; the latter 
would, however, be a misleading conclusion, as will be seen by com- 
paring the “ softness ” of grahamito on page 132, which is soluble in 
carbon disulphide to the extent of 98 per cent. Incidentally it shows 
that the bitumens in grahamite and Cuban Bejucal are different in 
composition from the remaining three under consideration. With 
regard to the former conclusion, we have to take another condition, i e, 

9 
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that the hittimen ho equally soluble in carbon tetrachloride. The analyses 
show : — 

Bitumen soluble in Oarbon 
Tetroohloiide. 

Bermudez , . .96 per cont = — 1 

Cuban Bejuoal . . 76-7 „ = + 1*7 

Maracaibo . 79 3 „ = — 17-6 

Trinidad Lake . . 67-8 „ = + 1'3 

From which wo may gather that Maracaibo bitumen has been subjected 
to abnormal conditions and may prove erratic in any road-paving work. 

The percentage of saturated hydrocarbons is a criterion of the stable 
character of bitumen, and is found by treating the bitumen with 88® 
naphtha and treating the solution with hydrosulphurio acid, the one 
giving the petrolenes ” contents and the other the “asphaltenes” 
contents. 

Soluble in 
88® Naphtha. 

Bermudez 71'9 per cent. 

Cuban Bejucal . . . IS-l „ 

Maracaibo .47*2 „ 

Trinidad Lake . . 62 „ 

Hero again Bermudez and Trinidad Lake only come within the 
conditions, although Maracaibo also shows a good percentage of saturated 
hydrocarbons, which is an indication of the stability of the material. 

Saturated 

Hydroearbons. 

Bermudez , . . .24 per cent. 

Cuban Bejucal .... 17 „ 

Maracaibo . . . . 26 „ 

Trinidad Lake .24 „ 

Critically examining the wlude of the analyses on pages 128 to 130, 
Bermudez and Trinidad Lake bitumens fulfil the conditions satis- 
factorily. Maracaibo and Cuban Bejucal would probably prove erratic, 
and the latter difficult to work on account of its hardness and high 
melting-point. 

The amount of mineral matter in the bitumens will play a very im- 
portant part in the selection of a bitumen. The analyses give : — 

Mineral Matter. 

Bermudez .... 2*6 per cent, 

Cuban Bejucal .... 21-0 „ 

Maracaibo .... 14 „ 

Trinidad Lake . . . 38*0 ,, 
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The amount in Bermudez and Maracaibo is so small that it may 
bo ignored. But in Cuban Bejucal and Trinidad Lake it is of import- 
ance, and must bo carefully examined. The mineral matter in Cuban 
Bejucal is of comparatively largo size, very lino grit, or of a much larger 
size than in the Trinidad Lake, and the disadvantage is that in heating 
to a high temperature for fluxing purposes, this gnt can only with the 
greatest diifloulty bo kept in its place, the specific gravity of the mineral 
matter (silica) being much higher than that of the bitumen. 

The mineral matter in Trinidad Lake bitumen is of an exceedingly 
fine character, in so much that 

90 per cent, will pass a 200 mesh. 

8 „ „ „ 100 „ 

2 „ „ „ 80 „ 

A better idea of the fineness will bo obtained from the fact that a 
proportion of the mineral matter will pass through the filter paper when 
the bitumen is dissolved in carbon disulphide, so that it becomes diffi- 
cult to analyse the actual quantity in the mass. It is found by examina- 
tion that the mineral matter is quartz, clay, and residue of the salts 
from the mineral water originally emulsified with the crude bitumen. It 
is intimately mixed with the bitumen, so that if at any time an analysis 
IS taken of this bitumen wherever it had been used, it would be found 
to contain the same proportions, and it thus becomes a distinguishing 
feature of considerable value. It is therefore the most perfect form of 
filler, i.e. it forms a medium for using the bitumen to its greatest advan- 
tage — whereas in other purer bitumens this advantage has to be gained 
by artificial moans which are difficult to obtain effectively. Further 
notes on this oharateristio are given on pages 146 to 148. 

Trinidad Lake bitumen can, therefore, bo handled with less care, 
comparatively, than other bitumens, and with greater certainty in re- 
gard to the results, which is of some advantage to the road engineer. 

Apart from these analyses, Bermudez bitumen is somewhat variable 
in composition, as it contains more light oils (9-6 per cent, loss at 400° F. 
in seven hours), and would therefore harden more rapidly. It has only 
been used experimentally in this country, but it has been used success- 
fully in the United States. 

Maracaibo has not been used at all in England. 

Cuban Bejucal, so far as the writer is aware, has also not been used 
here, but a Cuban bitumen has recently been put on the market, and 
trial lengths have been laid. Time will prove whether it is likely to 
withstand successfully the olimatio and traffic conditions that prevail. 

Trinidad Lake bitumen has been successfully used in roadway con- 
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struotion during the past fifteen years, and although the results were in 
its early stages of use not very encouraging, its success has been un- 
doubtedly due to a full and complete knowledge of its qualities, 
to the proper fluxing of the bitumen, and to the care that is exercised 
in the quantities and disposition in the aggregate with which it 
IB mixed. 

Non-asphaltie Bitumens. — There are also other native bitumens than 
those which have been enumerated, but which are not asphaltic, as will 
bo gathered from an examination of the analyses which follow. Some 
of them have been tried in pavements, but have not proved consistently 
successful. 

OraMmte — 

Softness, 0°. 

Bitumen soluble in CSj . . . 98 per cent. 

„ „ naphtha 88® . 4 to 3-37 „ 

„ insoluble in COI4 , . 68-7 to B6 „ 

Fixed carbon . . 63 to 41 „ 

A very hard bitumen which has passed through high temperature. 

Egyptian Olanoe Pitch — 

Softness, 0®. 


Bitumen soluble in CSj 

. 99-7 per cent. 

„ „ naphtha 

. 23-6 „ 

„ insoluble in CCI4 . 

. 0-1 „ 

Fixed carbon 

IB 

Saturated hydrocarbons . 

. 6-6 „ 

Melting-point ... 

. 260° F. 

Barhadoes Manjak — 


Softness, 0°. 


Bitumen soluble in C82 

. 99-2 per cent. 

„ „ naphtha 88® 

. 27-0 

„ insoluble in CCI4 

. 1-2 „ 

Fixed carbon 

. 26 

Saturated hydrocarbons 

. 6-7 „ 

Melting-point . 

. 230“ F. 


Both these bitumens are very hard, having high melting-points. The 
amount soluble in the naphtha and the amount of saturated hydro- 
carbons are very low. The manjak has been through a severer tem- 
perature than the glance pitch. 
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It must be emphasised, however, that as the tests are arbitrary, it 
is quite possible that with a combination of suitable asphaltic mediums 
these bitumens might be made into useful binding agents for road con- 
struction, but considerable skill and expert knowledge would be required 
to bring them to this state, as has been the case with the bitumens that 
are now successful, and that have already been mentioned. 

Residual Oils. — ^During the recent enthusiasm for oil for power and 
light purposes there has been a desire to bring into use the residual 
oils and pitches. 

Petroleum in its crude state contains both heavy and hght 
oils, the latter being removed by distillation or separation from the 
heavier oils, and if the distillation is taken far enough the residue is 
a solid bitumen, the procedure being somewhat similar to the treat- 
ment of crude tar, when pitch becomes the residue ; and the residual 
bitumen so formed may have no greater value than the pitch, as it de- 
pends largely on the manner in which the oil has been treated. The 
pitch from coal tar oan bo easily decomposed ; so also the residual 
pitch can be cracked or deoomposod. The residuals are sometimes 
used as fluxes for the bitumens, but the most careful and exhaustive 
examination has to be made before they oan he satisfactorily used. 
It is at the refiners’, as at the gasworks, that the lighter matenal finds 
a ready market, and the bitumen is a secondary consideration The 
process of refining continually has this object in view, and this has been 
exemplified in two oases at least in a period of six months, as material 
has been submitted to the writer, and subsequent samples from the 
same souroe distinotly differed from the original both in consistency 
and component parts. Therefore the analyses that are given below 
are not necessarily the analyses of the residuals from the same source 
to-day. 


Residual Pitoh^ Texas Petroleum (1907)— 


Softness, 18°. 

Flowing-point .... 
Bitumen soluble in OS* 

„ „ naphtha 88° 

Saturated hydrocarbons . 
Insoluble in CCI4 
Fixed oarbon 


104° F. 

98-2 per oent. 
69-6 

66-0 • „ 
U-6 „ 

19-5 „ 


The above figures indicate that the oil has undergone severe treat- 
ment, the amount insoluble in COI4, and the amount of fixed oarbon, 
being both high. 
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Baku Fitch — 


Softness, 10°. 


Flowing-point 

160° 

F. 

Bitumen soluble in CSg 

91-6 

per cent, 

„ „ naphtha 88° 

. 64-6 

99 

Saturated hydrocarbons 

. 33-3 

99 

Insoluble in CCI4 

104 

93 

Fixed carbon 

. 26-8 

99 


Ebano Pit-ch, Mexito^ is in various grades — 


Softness varies between 
Elowing-point 
Bitumen soluble in CSj 
„ „ naphtha 

„ insoluble in CCI4 

Saturated hydrocarbons 
Fixed carbon 


62 and 7. 

163° and 278° P. 

99*4 per cent, and 95*8 per cent. 
69 „ to 48-1 „ 

*4 ,, ,, 19'7 ,, 


The fact that there is in the Ebano asphalt a small proportion of satu 
rated hydrocarbons would give the impression that the material is not 0 
a particularly stable character, and that considerable care would have tc 
be exercised in using it. There is also a small proportion of paraffin scale 
Mexphalte. — This is a proprietary name given to a bitumen whiol 
is an oil residual and has been standardised. The analysis is suppliec 
as follows : — 


Flowing-point 
Fixed carbon 

Softness .... 
Soluble in carbon bisulphide 
„ carbon tetrachloride 
„ 88° naphtha 

Percentage of mineral matter 


175° F. 


18 per cent. 

40 to 60, av. 46 
99*9 per cent. 


99 9 
68 
0-06 


99 

99 

99 


Astoophalte. — This is also the proprietary name given to a bitumei 
which may equally be termed an oil residual ; the analysis is suppliec 
as follows : — 


Specific gravity .... 
Flowing-point of bitumen . 

Softness 

Solubility in carbon bisulphide . 
„ carbon tetrachloride 
,, naphtha 88° 
Percentage of mineral matter 


1*063 
136° F. 
40 to 60 


99 2 per cent. 


99-2 

70 


99 

93 


0-8 


99 
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Those two bitumons, as will bo seen from the comparison of their 
analyses with those of the standard, appear to have the elements required 
in. a bitumen that is to be useful in road structure. 

It has been stated for what it is worth that they are from the same 
source as Trinidad Lake bitumen and Californian bitumen, because the 
three are obtained from sources which are in a direct line geographically. 

The test whioh must be the determining factor is the manner in which 
the vanona bitumens submit to heavy and ooncentrated traffic on the 
road itself. 

On many occasions opinions have been expressed whioh amount 
to a condemnation of a bitumen because the road in whioh it has been 
used has failed to sustain the traffic satisfactorily, whereas it has been 
the case that the road has failed because the grading of the material 
was at fault. The bitumen may be perfect, but there may be contributory 
faults ; e it may have been softened too much, or it may have been 
used in a too hard condition, some will and have failed because the 
filler dust has not been sufficient, and in other cases where it has been 
sufficient but not mixed with the bitumen in a manner that spreads it 
through the bitumen or has not been properly intermingled or covered 
with the bitumen. Those are all causes which should be closely 
examined. 

In many pamphlets that are issued by firms in the asphalt industry 
there are terms used whioh may mislead or cause some difficulty in 
understanding how to make a comparison. The bitumen is sometimes 
called “ asphalt cement,” in other oases it is referred to as " refined 
asphalt ” or “ prepared bitumen ” or “ bitumen.” All these terms 
refer to the same class of material for the same work. 

If the term is “ asphalt cement ” or “ refined asphalt ” or “ refined 
bitumen,” they are so called because the bitumen is ready for use in 
the paving mixture without any flux, as in the case of mexphalte and 
asteophalte. Generally these have a softening point between 40 
and 60, as sot out in the analysis and recommended by the firms, 

“ Asphalt cement ” in the ease of Trinidad Lake bitumen is the 
prepared and fluxed bitumen ready for use in a paving mixture, and 
similarly has a softening point at about the same figure as suggested 
above. 

But in this ease there is in the bitumen about 26 per cent, of mineral 
matter, so that the softness of this bitumen if the mineral matter had 
been eliminated would be much greater, just as the softness of the other 
bitumens would be less if 25 per cent, of fine mineral matter had been 
added to them. 

Refined asphalt ” in the ease of Trinidad Lake bitumen is known 
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as epwi, and in tins state is not necessarily in a condition wMcL. may 
be used direct with an aggregate to form a paving mixture. 

The softness of the bitumen by penetrometer is a very important 
factor in the paving mixture. For light^traffioked roads it may be 
softer than where the roads are heavily trafficked. In those districts 
which are subject to high summer temperatures, the softness may bo 
reduced with advantage — ^in other areas the softness may be increased ; 
this is the reason for the degree of penetration being within a certain 
range. 

Oil residuals may be regarded in much the same manner as pitch 
from coal tar ; they are subject to the requirements of the refiners, 
they are waste products, and while there are perhaps greater possi- 
bilities if subjected to moderate treatment, care should be exercised that 
they conform to a fixed standard, otherwise they should be treated 
with suspicion. The probabilities are that the road made from coal- 
tar pitch would serve equally as well as the road made from these residual 
oils, and the advantage in the tar-made road would be its much less 
cost. With the scientific methods that are now being employed in the 
selection of bitumens for road purposes, there can be little doubt but 
that in the future there will be brought into use a residual bitumen 
that will be able to compete fully with the native bitumens. 

Fluxes. — ^It has been stated in an earlier paragraph that the solid 
native bitumens in their refined state are not in a proper consistency 
to be used in road construction. This consistency depends on the 
atmospheric conditions that are general in the district in which it is 
to be used. A softer bitumen would be suited to a cold climate and 
a harder oonsistonoy to a hot climate. Similarly, the material that 
is to be treated will give better results with one consistency than another 
class of material with the same loixtuxe. To flux the bitumen, there- 
fore, requires knowledge of the capacity of the material to be used, and 
the atmospheric conditions prevailing. 

The fluxes are of a heavy asphaltic nature or of a paraffin base. 
They are difficult to obtain of a regular and consistent oharaotcx, for 
the reasons that have been given above. If a heavy asphaltic flux is 
used, much more is required than if the lighter is employed. Obviously, 
if a very large proportion of either has to be added, the flux becomes 
the medium, and the real asphaltic material takes a secondary place. 
The heavier the flux, also, the harder does it become in cold weather. 
For this reason the lighter paraffin fluxes, which give a softer bitumen 
in cold weather, are used. As less quantity is required, and as a rule 
it is the more expensive material of the two, it is oommeroially the most 
economical. The oil that is used depends largely on the oharaoteristios 
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of the bitumen, and no empirical conditions can be made that would 
suit all bitumens. The amount of the oil is, of course, dependent on 
the consistency required, but it would not be regarded as a good sign 
if the bitumen required more than 26 to 30 per cent, of the oil to bring 
it to a soft or pliable condition. The flux may in itself be unsuitable, 
or the bitumen may have a high melting-point. The oil that is sought 
for in those classes of bitumens that come within the conditions before 
mentioned will have a specific gravity between 0 92 and 0-94 The loss 
on heating for seven hours at 326° F. must not exceed 6 per cent. It 
should bo soluble in 88° naphtha to an extent of 96 per cent. There 
must not be more than 10 per cent, loft when testing for paraffin scale, 
and not more than 5 per cent, fixed carbon. 

Penetration or Viscosity. — In order to judge whether the consistency 
of a mixture is precisely the same as that of a sample, the prepared 
bitumen is poured into a fairly deep tin and allowed to cool to a tem- 
perature of 60° or 78° F., and is then submitted to a penetration test, 
which is performed by what is known as a ‘penetrometer. 

Penetration Machines. — There are various machines which are used 
for the purpose — one is known as tho Bowen penetrometer, another as 
the Dow penetrometer, and yet another as the New York testing pene- 
trometer. Bach of these machines consists of a needle, properly weighted, 
which is attached to a dial. The needle is brought to the surface of 
the bitumen, which has been maintained for some time in hot water 
at tho desired temperature. It is then released by means of a spring 
for a period of 1 or 2 seconds, generally 1 second, and the reading of the 
penetration is taken from the dial. The Dow and the New York testing 
laboratory machines practically register the same number of degrees. 
The Bowen machine registers about 20° higher than the two other 
machines. 

The penetrometer is useful in detecting the amount of surface 
hardening or oxidation or volatilisation of light oils, or hardening due 
to molecular condensation. 

A tin of the prepared bitumen is tested for consistency by the penetro- 
meter at 77° F. It is then exposed to tho. air in a position which will 
ensure it being free from dust. After one, two, and three months’ 
intervals, the penetration is taken again and the difiorenoe will indicate 
the degree of hardening that has taken place in that time. The skin 
should be peeled oflt and a new surface exposed ; the penetration of the 
interior should be similar to that taken originally. 

A sample of coal tar, pitch, and oil (Eoad Board^s specification) 
was made so that it had a penetration of 8 mm. at 80° F. ; a 
similar sample of Trinidad Lake bitumen was made with the same 
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it the same temperature, the weight on the needle being 
he penetration was made by means of a machine designed 
, so dehoately poised that it will distinctly register ^^inch 
le weights on the needle can be varied at the will of the 



The Standard Penetrometer.^ 

make a test. The tar or bitumen to be tested is placed in a small 
^he needle, so that it just touohes the surface, the pneumatio ball is 
d the weighted needle is released for } second, 1 second, or 2 seconds 
the dial will then register the depth of the penetration of the liquid, 
etermine its density or oonsistenoy. The test being made at a ^ed 
e, it can thus be readily determined whether the tor or bitumen is of 
msistenoy as a previous sample. 

L order to test the two samples comparatively, 4-ounce, 
1- ounce weights were employed. The results show that 

irers, B. J. Hall & Oo., mathematical instrument makers, 25 Victoria 
SW. 
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tto pitch, and oil mixture differs from the bitumen in a very ourious 
manner ; the penetration at 80® with a 4-ounco weight was the same 
in both oases, but with the 2-ounce weight the penetration was 16 per 
cent less in the tar composition than in the bitumen, and with the 1- 
ounce weight was 60 per cent. less. This would indicate that the surface 
of the tar was harder than the tar immediately beneath the surface, 
while the bitumen had no surface coat This is also shown by the 
distance between the lines of penetration, the^ 2-ounce line being nearer 
to the 4-ounco than it was to the 1-ounoe line, whereas in the bitumen 
the hues were practically equally distant. When the lines were examined 
at temperatures below 80° they receded still further, whereas in the 
bitumen the procedure shows the relation one might expect with an 
even composition, the lighter the weight the less penetration (pro- 
portional) at liigh temperatures. At 60° F. the penetration of the tar 
composition was the same as that of the bitumen at about 40° F. 

These tests were made several times in order to thoroughly tost 
their accuracy. At 110° F. the penetration of the tar could not be 
measured, as it was in a freely-flowing condition. The bitumen oould, 
however, show a test both with the 2-ounoe weight and the 1-ounoe 
the 4- ounce was too large to measure. The 4-ounoo penetrated 24 
mm. at 100° F., the 2-ounoe at 110° measured 19 mm., and the 
1-ounco measured 13*6 mm., so that the bitumen would not flow at 
a temperature of 110° F., but would easily bo squeezed out of shape 
at that temperature 

A tost of bitumen had in one case shown — 


0*2 mm. penetration at 

40° F. 

ij jj 

50° F. 

3'0 ,, ,, ,, 

70° F. 

>1 99 99 

80° F. 

99 99 99 

90° F. 

12 0 „ ,, „ 

100° F. 


But all tests depend on the fluxing oil that is used as well as with the 
amount — a heavy oil giving a higher penetration at higher temperature, 
and no penetration at 40°. One would therefore conclude that the 
lighter oil would be more aocoptablo in atmospheres similar to that 
of the British Isles. 

From these figures we may naturally infer that bitumen expands 
and contracts when heat is taken from it or when its temperature is 
increased. From a test taken by the author, the expansion is regular 
between 32° F and 212° F., and amounts to one five-hundredth of its 
bulk for every 10° increase in temperature. This expansion and con- 
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trac.tion will ]»luy an liujiorfcant part, in tlir lifa of tlu^ Htrin^tura in ’wliir.h 
it ia UHod, and thia will Ik* indic.utad in unutliar and later page of this 
volunu*. 

It is not a had sign tliat the pavement should lie soft, in the suminer) 
hut rather a sign that the nature that has been sought after is still iv- 
tained in the pavement. A haril and tinyielding pavenu‘nt in the summer 
would givii tie* impression of loss of life and suhsetpient disint<‘grution, 
us it would tiroluihly he alTeet(*d udvi^rsely hy t-he eontinual ]icnijidiiig 
of litirses’ h‘et anil tlie shearing forees of the Vi'liieuhir trallie, A 
very high |ienetra(ioii in hot weather anil low penetration, if any, in 
eold weather would prove ineonvenient in the summer and wi‘ar badly 
in the winter. A mean must he semiTed that would In* jiartimilarly 
ajijilioahle to the work to he dom*. 

The difliciiltioH that are met with in analysing various hituiui'iis 
when fluxeil will be apparent from the following table : — 

TAunE XX 11. 


Jliiuniuii. 

'’Son:* 

Hituiunn 
Hol. in 
C'S,. 

Mineral 

Matter, 

Fixed 

('iviInui. 

lUtuiiuwi 
fluL in 
Najihtha. 

Tnuidiid lAke . 

23*5 00 

06' 1 

2U'2 

H-8 

47-2 

Cuban liojuoal . 

60*0 00 

70*0 

2U'5 

IM 

B0*7 

Eormudez 

14'U 00 

90*6 

20 

124 

71-0 

Trinidad liako . 

7 

ne-s 

30-5 

lO'H 

na-ti 

Cuban nojucal . 

.. 0 

7rt*0 

214 

2n'n 

224 

Bormudoz 

20 

xnu) 

20 

14>0 

(i(M 


Thus, from a limited analysis witli a suitable Ilux, C^uban liejueal 
can be made to up]iear Himilar to Trinidad Lake. By taking the unalysiH 
further, however, the melting-point would at onoo indimvte a dilTerence, 
and the clasH of mineral matter in the bitumen would eijually distiiiguiah 
the one from the other. The ]»onrtration at various tenipi'ratures will 
also be a diatinguiahing feature. 

Natural and Oil Asphalts,— In a pajicr, however, written by Mr E. 0. 
Pailler, Department of Public Works, borough of Manhattan, N.Y. 
City, published by the Journal of Industrial and Enginssring Ohaniatry 
in April 1914, the difierentiation of natural and oil asphalts is 
diecusBed. 

He takes four examples, showing the average, minimum, and maxi- 
mum amounts found : — 
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Table XXIII. 


Eixed Carbon. Minoral Mabtor. 


Bitnmon. 



Average. 

Maxi- 

mum. 

Mnii- 

mum. 

Average. 

Maxi- 

mum. 

Mini- 

mum. 

Tnmdad 

10 20 

10 00 

0*80 

30-00 

38 00 

30*00 

Bormudez 

12*00 

13*60 

12 60 

4*00 

6*00 

3-00 

Oabfonua 

14 60 

10*00 

13*80 

oin 

0 20 

Trace 

Monoan 

16*60 

18*00 

13*60 

0-20 

0*30 



The Bulphujc contents were as follows : — 


Trinidad 
Bermudez . 
California . 
Mexioan 


. 4-36 
. 6 to 6 
less than 2*00 
. 4*00 


which indicates that from the sulphur tost it would bo difficult to d 
tinguish them. 

He therefore took into consideration a statement made by 1. Maror 
son that in all natural asphalts there are present a number of orgar 
acids or acid salts, which on distilling are collected in the first few o. 
of the distillate, and this disillate also contains a certain amount 
saponifiable oils. 

Thirty grms. of bitumen are placed in a retort and heated uni 
it melts ; the flame is raised until the first drop distils, and so ad]ust( 
that one drop in two seconds is ooUeoted. The distillate is ooUooted 
the weighing tubes in 6 c.o. portions and kept separate. After weighii 
the tubes with the oil, each of the distillates is dissolved in 10 c.o. portio] 
of ether. The ethereal solution is then washed with water in a separator 
funnel until free from mineral acids which may be present, transfers 
to the Erlenmeyei flask diluted with 76 o.o. neutral aloohol ; 6 o.o. of tl 
alkaline blue solution are added and titrated until the red colour ohang 
to blue. The acid number is expressed in milligrams of KOH used i 
neutralise the acid in 1 grm. of oil distillate. Table XXIV. shows tl 
results : — 
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Table XXIV. 


Aoid Value. 


Brand of Asphalt. 




BistiUato 1. 

Distillate 2. 

1. Pure Tnmdad 


16-20 

8 40 

2. „ 1 , . . . . 


15-70 

7'00 

3. „ Bommdoz 


0-80 

3-20 

4. ,, . t 


9 60 

3 60 

6. „ Oaliforaia 


Oil 

0-07 

6. „ „ . . 


0-19 

0 04 

7. Maltha hux .... 


0 12 

0 25 

8. ,, ,, ... 


0-16 

0-19 

0. Bonnudoz maltha . 


9-80 

2-30 

10. Mexican .... 


0-24 

005 

11. ... 


0-22 

0 09 

12. Bormudoz-t- California 


4-00 

1-20 

13. „ -i-M©3doan 


5-40 

2-00 

14. „ 4“ California + maltha 


5-50 

1-70 

15. „ -f^^^oan+medtha 

. 

5-15 

1-22 


From which we may say that if the acid value falls below 1, we are 
dealing with an oil asphalt. If we deal with an asphaltic cement which 
will be shown by taking the penetration, ductility and other physical 
tests, we should expect an acid value of not less than what is given 
under No. 9. If it is lower we can expect to deal with a mixture. 

Saponification Test. — For the saponification test : 6 grms. of ash- 
free bitumen are dissolved in 30 0 . 0 . benzol ; this is boiled with 60 o.c. 
N alcoholic KOH under a reflex condenser. After cooling to room 
temperature 250 c.c. 95 per cent, alcohol are added and the excess of 
alkali titrated back with i^H 2 S 04 , using alkahne blue as an indicator. 
The end reaction is, in spite of the dark colour of the solution, very 
distinct. The flask is now heated again on the water bath and more aoid 
added if the red colour reappears. This is to be kept up until the colour 
remains blue. A blank determination is run alongside on the reagents 
used to make allowance for the action of the alkali on the glass. 


Bitumen. 

Sapon. No. 

Trinidad . .... 

. 40 

Bermudez 

. 28 

California . . ... 

. 12 

Mexican 

. 10-5 

Maltha flux 

. 8 

Bermudez and California, 1:1. 

. 20-6 

Trinidad and California, 1:1 

. 26-0 

Bermudez and Mexican, 1:1 

. 19-7 

Trinidad and Mexican, 1:1 

. 24-9 
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The above shows very clearly the great difEerence between natural 
and oil asphalts. 

In conjunction the two tests with other tests will show conclusively 
the nature of the asphalt and mixture of bitumens. Further, if the flux 
is known, a mixture of oil and natural asphalts can be readily recognised 
as follows : — 

Table XXV. 



Eixod 

Carbon. 

Mineral 

Matter. 

Acid Value. 

iBt 2nd. 

Sapon. 

Value 

ConoluBiou OB to Natuiu 
of Bitumen. 

1 

por oont. 
12-30 

por cent 
4-90 

0-6 

30 

29-8 

Bermudez 

2 

9-96 

36-0O 

16 9 

8 1 

36 0 

Tnmdad 

3 

15-85 

Trace 

0-16 

0 08 

11-2 

Oalifomia 

4 

10-10 

91 

0-12 

0-18 

74 

Maltha, Oalifornia 

C 

14-60 

2*21 

4-0 

1-2 

19-3 

Bermudez, 1 : 1. 

Cab forma and Bonnudoz,3 ; 7 

0 

14-16 

2-94 

4-7 

0-9 

22-0 

7 

16-87 

0-20 

0-24 

006 

9-8 

Mexican 

8 

17-24 

0-22 

0-22 

0-09 

10-7 

99 


Apparent Weakness of Tar and Bitumen. — Having in this and the 
previous chapter dealt with the composition of both tar and bitumen, 
emphasising the apparent weaknesses so far as one is able to judge with 
present knowledge, it is perhaps desirable to point out that there seems 
to be a possibility that what are to us to-day thought to be defects, may 
with future knowledge not be defects, or even if they are, then by manipu- 
lation they may be usefuUy employed. 

One of the reasons for these remarks is that when the bitumen is 
solved out of the refined Trinidad bitumen it is, when so obtained, in 
bulk a comparatively speaking plastic substance, not brittle, and some- 
what similar to other bitumens from a physioal point of view that are 
manufactured, or what may be called residual bitumens. 

Oollolds. — It has been contended that the satisfaction that Trinidad 
bitumen gives in road structures is due, naturally, to the bitumen, but 
more particularly to the fact that it contains a considerable quantity of 
exceedingly fine material which are technically called ‘‘ colloids.” The 
grading of the mineral matter in this bitumen has already been given 
down to the 200 mesh, but there is a quantity much finer than material 
that wiU pass the 200 mesh ; it is so fine that it passes through the filter 
paper and can only be obtained by allowing the liquid to stand for about 
forty-eight hours. Even then there is fine material in the bitumen, and 
this cannot be secured by any of the ordinary methods ; but undoubtedly 
it plays an important part in the use of the bitumen for road structures. 

A pound of filler dust has been estimated to contain 192,715,475,500 
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luivilig a mirfiuu* ari»u i»f r)27,821 Hqimro wliiU» u iiuiiiul *»( 
lary winitl is ostimatod to otmtaiu 120, 01)0 , ()(j{ 3 having a 

iv.o iinMi of 44,378 squari; fo(‘t to wliic.li tlio hituni<‘u may a<llo*n». 

a J-iuc.h cube* tc» partirlos of (‘.olloiilal sizo in t*slimat.<‘*l to 
•aso tlu‘ surfa(*n aiva about 100,000 tini<‘s. ('t>lloulH aiv in snrli 
t'ly illvidoil OMinlition that wlioii Husp<uul«*cl in a licjuul ilo'y do !n»t 
iJiit, but 1 ’ 1 ‘inain susp(uuli*tl indidiaitidy ; it is statiMl t-liat uiicIit Uu* 
L-mifro.si‘cipt» tiuuv tuui 1 h* mihui in actin' mol-ioii in 'Prinidud lutnnuMi 
oils of partb'li'H not more than 0'0000.')037 incli in diann-ter. 
lurfaoe Energy. This fino material in tin* bitnineu i * snpposeil to 
j^reater surface energy, wliic.h is illusl.rati'd in an j*,\arnpb'. If t\Vi> 
‘s of gbuw with perfectly fiat Hurtae('.s arc l»rougUt logrtlter, it is 
‘ult to separato them owing to the surface <*riergy of a film of air or 
d bi’tween them. Similarly the fine jmrtich's Imld the bitiinieii as 
\\\ about themselves, and tlierefiirt^ a hitunu'ii whieh eitdier contains 
fine material in a natural state or whore it is artiiicially adtleil. will 
e tt) liave more stability than that of otU(*r bitumens not so proviiled. 
L furtlu'f illustration of this effect is obHervi*<l in tin* testing tif samples 
itiiminouH mixtures. If small pieces of natural aspliait, Trinbhul 
alt, and asphalt made from a residual Ijitunien are Hubinitted to 
[111 ilisulidiide, the natural aspliait and Trinidail asplialfc will taku 
t forty-eight hours to free the bitumen from the sample, but in tlm 
. ('xampio it has been done in about half an hour. 

Izes ol Sands, etc,— Mr Clifford Richardson, in a iiajmr on The 
ry of the perfect Sheet- Asphalt Surfaoc,** publislied in th(» Jnurnnl of 
Blrialand Engineering Ghemxstrg, voL vii., No. 0, p. 403, June UilO, 

. an example of the number of partioli'S and tlieir surface per III, 
ineral aggregates of the type in use in New York in the niiinfios * 

Tahmh XXVI. 


Coarse 8and and Dust. Fine Haml and DuHt. 


Far 

No. of 

burfann. 

Pof 

Nn. i*f 

Hurfuno. 

Cont. 

Farbiolos, 

ft. 

Cent, 

PurtlelcM. 

Hq. ft 

li) 

12,fi»2 

0>U6U 

4 

8.074 

o-m 

12 

6S,lt)C 

l'67U 

7 


U'02I 

10 

167,547 

1*901 

9 


i-7ta 

12 

664,260 

8*693 

11 

001, HOa 

3DSa 

27 

6,021,870 

11*479 

26 

4,H36,K70 

11 -OM 

10 

4,086,220 

6*627 

10 

0,127,UlU 

sow 

7 

10,416,700 

6*962 

10 

22,319,400 

I3t'7M 

fi 

31,924,300 

6*009 

7 

44,604,000 

0073 

8 

76,671,400 

6*480 

6 

103,343,000 

I3-I)0U 

100 

120,080,066 

44*378 

100 

m,07S,3:{4 

lUi-Do;) 
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Table XXVI. — oonUnuei. 


Duet or KUer. 


Size of Partioloa. 

Millimotroa. 



Per Cent. 

0-08 . 

18-8 

0 06 . 

17-7 

0 026 

51-3 

0-0076 . 

5-0 

0 0026 

7-2 


100-0 

If nil the diiBt ib 0-026 diameter 


No. of Particles. 

8urfaoe. 
Sq. ft. 

120,035,300 

26,076 

462.300,200 

38 231 

10,732,900,000 

220-826 

30.776,730,000 

58 600 

160,634,400,000 

178-199 

192,716,476,600 

627-821 

20,922,050,000 

442,167 


From whioli data it appears that the liner aggregate presents a 
surfaoe area of 60*5 square feet to the lb., and the coarser one but 
d.4'4:, a difCerenoe of 32-6 per cent, in favour of the finer material. 
That the greater the increase in area the finer the material 
grows is demonstrated by the figures given in the last section of 
the tabic. 

Basis of Perfect Asphalt. — Mr Eiohardson suggests that the basis for 
the construction of a perfect asphalt surface lies in a consideration of 
the ohoimstry of surfaces and films. In a subsequent paper read 
before the Woatem Society of Engineers at Chicago on November 20, 
1916, he went further into this matter, and demonstrated the oapaoity 
of various bitumens to retain colloids, by introducing colloidal clay 
to them. The amount may reach with certain oils as much as 60 
per cent, 

Tlie native bitumens of a highly viscous nature and the heavy lesiduala 
derived from asphaltic petroleum poRsess very different capaoities for 
maintaining clay in suspension in a colloid state. Colloidal olay was 
introduced into a number of solid residuals of various types of petroleum 
by the addition of enough aqueous olay paste to result m a material 
which, after the removal of the water, should consist of 67 per cent, 
bitumen and 33 per cent. olay. These materials were maintained in a 
molted condition at a temperature of 325° F. in tubes for twenty-four 
hourn. Tlie Hcdimentation which, with the reduction of the viscosity of 
the coniiuuouH phase, wont on for that period appears from the following 
figures : — 
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Table XXVII. 


Scmr(u\ 

Ponntmtidii, 

Oolloidal Mailit'r. 

Aftnr 

lloatin^. Ilnatiing. 

Pot Oonfc. 
iSoilimonta- 

ilOll. 

Triniflad ii'Michial 

50 



0-00 

Uababiii 

4a 

32-1 

HO-l 

7 00 

Moxioan „ 

no 


li7 2 

iH-:m 

(*ivIifnniiiL 

MuUtontimmtal Muni- 
paralliii runidnal 

no 

:u*H 

22 H 

2r>-2 

ni 


21-7 

2ri-a 


The Htrikiiig foiiture Ih tluit iht* rumihiul hituun*Ti i)r(‘paiv(l from the 
mi(l-c.ontincntal field dopoaitod 35*8 per cent, of tlio olay at high tempera- 
ture, showing the small capacity of paraffin oils to maintain olay in 
HiiHpensioii in a nolloidal state. 

As tho film of bitumen wliioli e.overs the mineral aggregate of a slieot- 
asphalt pavement is formed at tlie tem]Kn'atuL'(‘ given, these data may 
convoy some idea as to tho capacity of the dilli^rent materials for coating 
the grains of this aggregate, but t«)C) mucli depeuJenco must not bo placed 
upon them, as there are so many other ooiitrolling features in relation to 
the character of the filmfl. 

Importance of Filler Dust. — If the oolloid ” theory is to bo aooepted, 
and there is apparent justifioation, then it may be tho ease that by some 
system of filling the bitumen with a material of a colloid form that is 
now free from it, the bitumen so treated may become a much more use- 
ful substanoe in road struoturos tlian it is now. It is oloar that a study 
and a scries of exporimonts in this direction may be of great service. 

Methods of determining Filler Dust.-~Tho filler or fine dust that 
should bo added to the aggregate sliould nut only pass tho 200 mesh, but 
should, when mixed with water, remain suspended in tho water for 
fifteen seconds, which means that a largo proportion should bo even loss 
than would pass through the 200-mesh sieve. 

It must be remembered also that some bitumens already contain a 
percentage of this fine material, so that with tho use of suoh bitumens 
it would not be necessary to provide suoh an amount as would be the 
case where the bitumen has no filler at all . 

Another method of quickly determining the size of the filler dust is 
to place the dust in a reoeptaolo and to blow air through it at a certain 
pressure ; by means of a run of U tubes, the various sizes of fine dust 
can be calculated from the amount deposited in each tube. 

Neither of these tests will give an accurate idea of the filler dust, as 
the specific gravity must have its efieot in determining the amount of 
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fine material that settlca through the water in the one case and similarly 
in the -varioup tubes in tlio other. 

Ellect of Filler Dust on Bitumen.— Trinidad bitumen in a refined 
state has a specific gravity of 1*39, witli a melting-point at 230° F. But 
when tlu' Ibie material is removed and tlie pure bitumen is obtained, 
tli(*n ilio Bpi»cific gravity is 1-06, and it has a melting-point of about 160° F. 
Tliis aloiKi indicates the value of the fine material ; it obviously must 
ine, rouse* tlu* Hpecific gravity, l)ut it also iiicrcases the apparent molting- 
])()int. 

This fine material would tlierefore bo of value to tar processes. There 
have b(icn. numerous instances of pitch grouting where the atmospheric 
toinpcraturo has boon sucli as to cause the pitch to “ bleed ” ; if it had 
boc‘ii saturated with fine material it would have been so afieoted that the 
I>iteh could not “ bleed.” The writer had a very bad case, and purchased 
a (piaiitity of lime in a powdered state, scarified the road, lightly 
Hiirinlcled this powder over ilie road so scarified, and re-rolled the 00 m- 
position. It remained afterwards quite free from ” bleeding.” 

Filler. — The addition of filler or fine dust is, as has been indicated, 
fur the purpose of spreading tlio bitumen over a large area ; too muoh 
filler will render the bitumen useless, and too little will have a detri- 
mental efTect in nuidering the mass too mobile in hot weather. A spot 
of gum has not its adhesive qualities shown to the best advantage if 
used in that way, but if that quantity is spread over an area in a thin 
layer its ttdlLi‘sive ])roperties arc placed to greater advantage and the 
<l(*Hired resultH arc socurod. It is similarly the case with bitumen ; if the 
filler is in correct quantity and in the proper place, it becomes the agent 
fcjr cimveying the prepared bitumen to the proper quarter, and the 
greati*Ht advantage is obtained for its adhesiveness and ductility. 

From what has prooodod, it will bo gathered that satisfactory results 
from an e<jonoimcal and from a lasting point of view oan only be 
Hctiured by a careful and deliberate inquiry into the class of bitumen, 
the nature of the flux, the methods of adding filler, and the amount of 
bitumen that should bo used with a given class of stone. 

With regard to the latter item, an illustration may be taken from 
everyday exi)eTiQnoe in the mixing of cement concrete. It is well 
known that a neat cement mixture would prove unavailing in engineer- 
ing work, and that a mixture of 10 or 16 of sand to 1 of cement 
would rarely be used with any prospect of success, but the intermediate 
course of employing 6 of a mixed aggregate to 1 of cement would 
withstand very considerable strains for long periods. Thus the amount 
of cement used in the composition depends on the size of the aggregate i 
with largo stone less cement is used, with fine sand more cement is used, 
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and tho intormrcliatp Htago nf largo and fino inaii'rials roquiros an iuter- 
Tncdiat(‘ quantity. Tho exact qiiantiticH an* fairly well knowii. 

Blttimen In Concrete.- 'K(jually in it tlic caw^ witli bitumen ; itr iw 
more Hatittfactory when it is used as tiio Porblaud oi'incnt is used in 
conorett», tlu‘ amount <lepending on tlm quality, tiuantity, an<l dimcn- 
flions af tin; aggregatt*. Unliko the cement, not only lias it adhesivonuBR 
but it slioultl also have, and in immt cases has, ductility, and thus gives 
the coiutr<‘te in whitdi it has b(‘en us(‘d the resiliency whioli is desirable 
in road construction. 

The most inquirtant feutun* about a native bitumen is its etmsistenoy 
in quality ; if any jaiviug fails, the cause of tli(‘ fault is narrowed down 
to a much fin(*r degree than can be the case with n tar or oil residual, 

SUaQKSTKD BPEOIKIOATION FOH JilTUMIfiN IN 
HOAD CONSTllUaTION. 

Freedom The bitumen shall be free from inoisiuns aiid on 

from distillation for st^ven hours at 325*' F. should nut liavi^ a 

Water. Iobb of more than 3 per (tent, by wtught, or a fn^sh sample 

Fractlona-* distilled at 400^ F. for seven hours sluudd not Iiave a loss 
tton. of more than 5 |)er cent. 

Temperature, The temperature during distillation shall bo taken 
by placing the bulb of the thermometer in the distillate 
gases of the distillation flask. 

Fixed Carbon, The amount of fixed carbon Bhall not exceed IB per 
cent. 

Solubility The bituminous cement shall be dissolved in pure 

In OSj, carbon disulphide, air temperature, and the deposit Bhall 

wholly oonnist of mimwal matter and not mort^ than 4 per 
cent, of carbonacoouB matter, insoluble in oliomioally pure 
carbon disulphide. 

Solubility in It shall be soluble in naphtha 88°, air temperature, to 
Naphtha 88°, the extent of not leas than 60 per cent, and not more 
than 7B per oent. 

When the above naphtha solution is submitted to 
strong Bulphurio aoid, sp. gr. 1*84, it shall leave at least 
16 per oent. and not more than 26 per oent. of the 
bitumen unafleoted. 

Solubility It shall be soluble in carbon tetraohloride to the 

In OCI^, extent of not less than IJr per oent. less or per oent. 

more than the solubility in oarbon disulphide. 

Paraffin scale. It shall not contain more than per oent, of paraffin 
scale. 
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METHODS OP USING TAR AND BITUMEN. 

Mixtures of Tar. -Tlu’i author lias employed many mixtures of tar 
utul Ini'* found it dillUudt to bring the tar to any standard vdth precise 
lulilitioiiK of other material. The method, however, which has given 
tlio nuiHt uniform resuliB is to bring the tar to a consistency that at 
a luTtiiin temperature, when submitted to the penetrometer test 
(p* 137), tt di^finite jKUietTation is measured. For the base mixtures 
meiiliojied <dse where tin* penetration is 120° at C0° F. 

Thin penetration onn bo obtained by adding soft pitch, dry-powdered 
liiiu', and resin until the so-treated tar gives the necessary consistency. 
Resin is luhled because it scorns to improve its adhesive qualities, and 
'rrinidiul hake l)ituin(m is also employed. There have been doubts ex- 
jin*sMed as to tlie possibility of mixing Trinidad Lake bitumen with tar, 
hut from tphe tests that have been made for the Road Board in the expcri- 
nients miuitioned later, tln^re is some reason for thinking that the addition 
of till' bitumen has not any doletorious oflSct on the tar, or vice versa. 
Triniila^l Lake bitumen, however, is not added on account of the bitumen 
uoiit.ents, 1)iit because of the fine material that is incorporated with it. 
K.xjM*ritiieiitH with tar in which the fine mineral flour is added are 
apparently equally satisfactory, and of course more eoonomioal in cost. 
H'he class of flour is mentioned olsowhore ; any exceedingly fine dust will 
si^rve thc^ purpose, the grading of which can be secured by means of a 
flnurcmeti^r. That grading of this flne material is as necessary as the 
grading of tlie still flne but coarser material is oxemplifled by the fact 
tliat Fortliind (inmcnt does not give good results as a oemont unless the 
matf^rial contains not only a large proportion that passes a 200 mesh, 
but uIhu that it ountains a distinct peroentage of material much finer 
than will pass a 200-moBh sieve. 

In bringing tar down to a certain oonristenoy it is clear that the 
ftdtUtion of the light oils will give the results required with comparatively 
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a miicli smaller quantity than would bo given by employing creosote 
oil, and still loss than when employing antliraoene oil. It has not been 
proved which method is the better ; probably the heavier oils will give 
the best results, because of the tendency of the lighter oils to volatihae 
to a greater extent. 

In the opinion of the writer there must be an elimination of the high 
percentage of naphthalene which is included in a straight-run tar. That 
tar has not been sufficiently exploited in the direction of the amount of 
fine material it should contain is unfortunate, but that this examina- 
tion should be made in the near future is undoubtedly advisable. 

Tar Macadam. — The tar macadams that have been said to be a 
success are m fact only comparative successes. The roads on which 
they are placed have traffic which cannot properly be considered to be 
heavy.’’ In the future, with the evident popularity of the transport of 
goods by motor vehicles on roads, the intensity of the traffic will bo far 
greater than many engineers anticipate 

On examination of the results obtained in many different looahties, 
it will be noticed that the more even the size of the stone employed the 
greater are the number of failures, and the denser the structure the 
fewer are the failures. There has been a tendency to eliminate all the 
fi.ne material from the composition, sometimes because it necessitates 
such a large amount of tar to coat the material, sometimes because the 
area covered with the material in which the fi.no material is noticeable 
does not extend as far as it was expected. 

The addition of 20 per cent, of fine material does not increase the 
area to be covered, which indicates that the other material with which 
the comparison was made contained 20 per cent, of voids This is quite 
possible, as one-sized material gives as a rule 40 to 46 per cent, voids, 
so that 20 per cent, of finer material could easily be inserted without 
increasing the volume. Then in other cases it is laid with a coat of fine 
material to form the surface, but the size of the stone employed is from 
I down to i inch, aU the material passing the i-inoh screen being re- 
moved. It must bo obvious that the voids in this composition must be 
considerable, as the spaces between, say, a series of |-inoh stones cannot 
be filled with either J-inoh or ^-inoh material. In a number of trials 
made by the author the voids are, under the most favourable oiicum- 
stanoes with material of this size, at least 30 per cent. Some propor- 
tion of these will be filled with the tar coating, but it would not be far 
from the mark to suggest that the voids would be 26 per cent. 

Hence the necessity for applying the tar coating to seal the structure 
from atmospheric oonditions. 

Further, if the traffic is heavy and the sealing coat worn, as it must 
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1h‘ uinlfr triiilid war, it will loavc the structure more easily subject to 
flu‘ \veui.ht*r, which will soon cause with the traffic its disintegration. 

In tin* writer's vii'W, although it is almost impossible to obtain a 
Htriirturo wliiish Hhall he voidless (it is doubtful whether it is even 
desirulih* that it should be voidless), the road structure to bo satisfactory 
should not cu)utain more than 10 per cent, voids. 

When a struet.ure uoiitiiius voids to the extent of 26 to 30 per cent., 
the Htoiu* noinposiug that structure is subjected to severe strains and 
will fracture and grind and eventually be subjeoted to a greater oom- 
pre.Msinu than was givou by the steam-roller that was employed to oon- 
solidatc it in the first instance. In consequence, one may expect the 
cuirrngations wliitdi develop on a weak striiotiire more rapidly than 
a more deiisi* cennposition. 

It is ilesirahh* that in any work that is to he carried out and which 
invidvcs tlie use of tar, the specification of the British Engineering 
Stauilanls ( Committee should taken, and it should he definitely known 
IS ln*lher the tar obtained dons actually agree with the specification. 

Witli the of the tar, care should always ho taken that the heating 
Ilf it in the tar boilers is not overdone, other wise the offeot of the 
Hpeeilieation will bo nullified. It will bo seen by an examination and 
stuily of tin* various analyses of distillates, how the tar may he afiocted 
bv i’ari‘li'.MH hiMitiiig ; it should also be constantly stirred, so that the tar 
at till* btjU4)ui (»r tin* tar boiler is not burnt. 

When t.ar hoils over, it is because the tar contains water. 

li is also iiH w<*ll to not<^ here that it is desirable in many oases to 
add fine d\iHt, as fint^ as flour, to the tar. Oment is frequently used, 
Imi slaked lime is tilH(» ernidoyed for this purpose. When slaked lime 
is id)tained it is in th<^ form of a fine powder, but notwithstanding its 
ap|H*uraneo it t\ontaiuH a considerable amount of moisture, and its 
addition to tar at tlm tar boih^r must bo carefully adjusted, otherwise 
tin* tur may overlhiw if the t(*mperaturo is above 212° F. The moisture 
must bo eliniinated by ht^ating, i.a. the frothing and bubbles should 
dtHiippenr and the surface bo smooth at this temperature. 

TAR MACADAM. 

Tar mnnadtun is a name that is given to a road struoture in which 
tin* Htotn*H are (U)atetl with tar. It is usually composed of stone that 
will pass through a 2-inoh ring, the average stones under this condition 
having a maximum dimension of IJ inches. The stone is heated, but 
as a rule no ttunjierature is taken ; if it looks dry and feols hot, this is 
UHually taken as flufficiimt. The stone should be passed through a tem- 
[icrature of about 230° F., and allowed to oool down to about 100° F. ; 



METHODS OF USING TAR AND BITUMEN. I53 


if; is in u onndifinn tti hr cohIimI wif.li tho t»ar. 'riui tnr that ih 
UH(* d iH the ih‘liydnil»‘ii tar ni(‘iiti(iiird in (Miiijitor VI., but tluiro aro 
variutiiinH dopoudiuit on tln‘ *‘\jK*ih*nc,(^ of ilio ]j(*rnon making tho tar 
niiuuulam. Tlu^n* has no Htaiidard up ti> n'cmit yoarn, and tluj tar 
in Honu»tiiiu‘rt that from om* works or from a sorics of works. 

Treatment of Tar. - It is taki‘iL to tho tanks and tlunv allowed to 
simmor at a tH*in]H‘mtur« of about 211i° F. for somo days, is looked after 
by an tdd hand ** who syplmns off tho light oils, inoistim^, oto., until 
it is of the right Cronmstime.y ; or the tar may liave b(‘eu ^lassod througli 
an intennitteut form of distillation, as suggesti'd in t)hapt(^T YL, or from 
a eontinuoiis *' distillation plant, wliere the tar is eonvorttsdto pite.h 
ami afterwards softened bank to the proper oonsisteiioy as requinul by 
the persim who is making the tar maeadam. The ptopaied liquid is 
heated to an attimuatud form, U) llt)w freely, and is then poured on 
to the ht)t stone, and the two an^ shovidhnl togi^ther or mixed in a 
ineohauiiuil mixer until iill the faei's of tin* stone are. ])roperly oovert^d. 

The Proportion of Tar to the Stone di^ pends on the quality of the 
stone and its size ; it will be alanit 0 gallons to tin* eubie yard of 2-ineh 
stone, and not exceed 10 gallons in any quality. 

A Bcaond size of stone is similarly tn*atcd, and in some eases even 
a third size is used. Bomo manufaoturers make the second size 
2 iiioh clean, or 2 inch to dust ; another variation is J inch 
cl(*an, or } inch to dust. Others will oliminato tho dust or consider 
the dust to be no smaller than inch. This material, in whatever 
variation, is heated in a similar manner to the largo material, and 
treated with tar ; in this case tho quantity of tar, as will bo anticipated, 
is increased, and will bo approximately about IG gallons, and even up 
to 20 gallons per cubic yard. Tlu' quantity is gaugi'd by the ajjpearanoo 
of the stone wlieii ooattul ; it sliniild not be in so large a quantity that 
it drips ofl the stone, nor in so Hinall a (piaiitity that there aro areas 
unooverod. 

Material Heaped.— Those mixed stones are then wheeled away to a 
heap and remain exposed to the weatlier for from one to six months. 
Tho bright blank appearance of the tarrtul stone is soon lost, and tho 
stone becomes dull and binds hanl on tr) its neighbour, a pick being 
used to Boparato them. Howovt^r, the uixdi^r face has not lost muoh 
of its vitality, and many hold the view that it is in a better condition 
after It has been so stored. It is obviously a oomzneroial and economical 
advantage to be able to mix it and store it, but undoubtedly there must 
be a hardening going on due to volatilisation, and the aotual condition 
of the tar on the stone must be worse than when it was originally mixed, 
BO that fresh mixed tarred stone should bo more satisfactory. 
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Laying on the Road.— The 2-inoh tarred stone is taken to the road 
and in laid two stones thick on the prepared foundation (fig. 28). This 
coating will roll to a general thickness of 3 inches, and will leave a very 
oj)on and porous surface. On the top of this, while it is in a dry con- 
dition, a coat of tlio finer material is then laid to a depth when rolled 



B’ig. 28 . 

of inohes. Frequently the tarred stone has been allowed to remain 
stucikod too long, no that it looses its adhesive qualities and the surface 
})ernntH inoisturo to penetrate freely ; the surface is therefore coated 
with hot tnr, and fine chippings are sprinklod over it, thus sealing the 
surface and also giving the required consistency to the tarred material 
in the siirfaco. 



Aiiotlior iHHtliod (fig. 29) of laying the stone is to spread tte large 
atone UH doHoribod above, but before it is rolled the finer material is 
Hjtroud on the top o[ the 2-inoli material, and the mixture rolled and 
fed aa required until the mass is apparently homogeneous and presents 
a oloBod Burfttoe. A tar ooating may or may not bo used as an adjunct, 



Fig. 80 . 


A third method (fig. 30), not very frequently practised, is to lay 
the small material first and the larger material on the top of it rolhng 
the latter until the finer stone surrounds the large material. It is 
difflflult to obtain suooosH with this method unless the tar is somewhat 
fresh on the stone, and the rolling does not oven then make a satia- 

faetory finish. 
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Alttougb. these methods have been tried for many years, the one 
that IS least satisfactory in theory is the most popular, that is, the one 
first described, and mainly because it gives a fine even surface and there 
is least trouble in securing results. The second process is better than 
the first, and is the one from which the wnter has obtained the best 
results. The third process is better in theory than the second, because 
the finer material should surround the larger stone, both in the bottom 
and the top, but it is the most difiioult to lay, and the results, which are 
probably due to inferior laying, are not satisfactory. 

Mr. Gladwell, the surveyor to the Eton Rural District Council, 
brought tliis third method into prominence by using untarred stone on 
the tarred fine material, and probably more on account of the quality of 
the tar used than through the use of untarred material, gained some 
success, because the stones were unable to slide on each other to the 
same extent that they would where the stones were wholly covered with 
tar, and with a tar of an indifEerent or unstandardised quality. The 
writer’s experience, using the ordinary refined tar, was not encouraging, 
and this has been the case with others who have endeavoured to adopt 
the method. 

Value of Tar in Road Mixtures. — Undoubtedly it is the case that too 
little attention has been given to the value of tar for road-making pur- 
poses. If the same amount of scientific research had been given to tar 
as has been given to bitumen, a difierent report would be given. The 
placing of a filler in the tar is essential ; many engineers are using chalk 
or lime in a powdered state. Then the structural composition, including 
the grading, requires consideration ; it would enable this material to be 
more effectively employed than is now the case. Where proprietary 
tars have been employed and the tar is standardised and treated, there 
seems to have been more satisfaction given than in those oases where the 
tar has been taken as supplied from gas companies or distilling works. 
There is hero an indication that it is the treatment and filling of the 
tar which enables it to be used with a degree of success, as has been 
indicated elsewhere. 

Possibilities In Tar not yet realised. — There are possibilities in tar 
which are not yet realised, and if sufficient funds were available, and time 
and areas set apart for a systematic series of experiments, there can be 
no doubt that tar could be made into a very useful binding agent and 
take its place more effectively to form an acceptable and useful form 
of pavement. 

Aggregates. — Some engineers have the idea that from their ex- 
perience there is a virtue in a particular form of aggregate. Some will 
say that “ slag ” is far preferable to “ granite,” others that “ limestone ” 
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ia bi‘ttor than citlior alag or granite. Tlu^re are those who suggest that 
thi*r«‘ is no ueoessity for lino nuitorial or differential grading, that there 
is no advantage in tilling the interstices ; while (Jthors, equally sincere, 
have the distinctly oppoHit^^ opinion. As a matter of fact, there has 
been no scieutilic examination wlihdi wouhl assist in dotermining the 
value c»f any of these opiuionH. 

Failure ol Tar Mixtures,— Failure of tar nuuuidain is duo to in- 
appnunation of the ossential points oE the tar ; very often to the careless 
manner in wliioh the ooin])osition is prepared and applied. Prom the 
many examples tlmt have oonie before tluv writer, they are not as good 
as would be obtained from the tar-spraying or painting of a well-made 
water-bound macadam roadway ; in fact, tlu^^l^ is rtmson for saying that 
the latter form is far btdter than the majority of tar-inaeadam roadways, 
beoauHc in most eases of tar nnuiadams tho siujcess of the road has entirely 
depended on liow the tar maeadam has been regularly sprayed or painted 
with tar or bitumen and tho under part sealed from tho weather effoots. 
Tho sealing coat is tho wearing siirfa(je, and tlie tarred material is merely 
a support for tho sealing coat, and in all probability tho macadam road 
would have served the same purpose us it lias done in many instances. 

One-Slze Macadam. — In a macadam structure made of one size of 
stone there is always tlie same p^irnemtage of voids, f.e, about 42 per 
cent. Most of the tar macadams are made of one size, and therefore 
have at first this poroontagi^ of voids. The (mating of tar and 00m- 
prt^HHion that is given will reduce this quantity to soiiu^ extent. The 
printuple that is adopted by somii is as follows : inches is used as a 

base, then J inch, then J inch as a finished ooat. Each of these has the 
same poroontago of voids, and tlie only i>art of the process that prevents 
water from penetrating is tho finishing ooat of tar which is applied, and 
may on the small material form a complete seal depending on how heavy 
is the ooat. It is frequently in evidenoo that a newly laid tar-maoadam 
road shows a wot surfaoo long aftor tho rain has subsided, hence tho 
desirability of using a good sealing ooat ; but it must bo clear that, as 
soon as tho sealing ooat is worn away, tho undorstruoture will permit 
tho moisture to penetrate, with obvious results. 

Graded Mixture* — The principle, therefore, of adopting a properly 
graded surfaoo mixture is apparent, so that not only shall the voids be 
reduced to more reasonable limits, but that an imponotrable layer of 
appreciable depth should bo formed to prevent moisture from obtaining 
aoaess below the surface. 

Where bitumen is used sueoessfully with sand and cement, tar has 
not been so aueoesslully used ; but there are possibilities, because the 
writer In one experiment found, by using a very fine filler with the tar, 
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ill lawtotl Hoiuo (i(»nHi(l«‘ral)k‘ iimt^ uiul<»r luMivy tralluj. Uiifortimatuly 
oirouinHtanr.4*H urom* whinli pn^vonUHl tlicHo cxporimeiits from boing 
(uirriacl furtlu^r. Ibii from tlio knowlodgo! that waH thiiB gftiiu'tl it wafl 
cltMir that a r.onHtitiiont can 1 h‘ added to tar whhdi will improve its 
<lualilii‘H and make it a inon^ UHi^ful mat(‘rial in road RtructiiTOB. 

Combination of other Materials in Tar.- -In oonn(j(‘,tion with thopo 
in(d.hodH of tar macadam, the writi^r has tri(id many (ioiubinatioiiB of 
tar and pitch wltl) renin and lime, tlu‘ ri‘Hiu to add to the hardening of 
the tair, ami the lime for the piirpos<^ of atding an a liller to the tar and 
make it. a eonvi^ying medium. Similarly, a mixture of jnteh, creosote 
oil (or anthracene oil), n'ldn, lime, and Trinulad Lake bitumen han alHO 
been tried, and tluH givt‘K fairly HUc.e.enHful ri'niiltn if l-he mixture in laid 
nhortly after it han been mixc‘d ; it will Htaiid lieavy trallie for about 
twelve ti) i*ighttM‘n monthn, after which it hi‘ginH to raved or oraok and 
give way. It Iuih therefore h(*eji lined with the lim^ material (| inch to 
i ineh and dunl), and laid in the deprenniemn of the water-hoiiml roadn ; 
it tliuri nets (|uiekly, and birmn a wearing face level with tlu‘ other 
portioiiK c»f the roa<l not worn, and eonnideraldy lengthenn tlu^ life of 
the whole of the road. It in nalinfae.tory (^ven when laid about 1 inch 
til ink. 


The proportionn an* 


J*itoh, 66 per cent.Y 

Creosote, 33 ,, j 

HI jKir cent. 

Lime . . . . 

. 6 .. 

Trinidad Lake bitumen 

. 10 .. 

Alno the following proport-ionn givc^ 

HUperior rcHultn 

l)»‘hy(lniti'cl tar . 

. . HO per cent. 

Ib'nin . . . , 

. . Ln „ 

Lime . . . . 

■ • n „ 

Pitch . , , . 

• • h ,, 

Trinidad Lake bitumen 

. 7-5 „ 


In order to prepart^ the mixture, the jiiudi in melted, then the oreo- 
Boto ia added, aftorwardn the rt^nin ; the lime in njirinkled over the heated 
mixture, and then the melted bitumen in added. 

Tho reason of Buah improvement is probably due to the fact that the 
tar in not neverely treated. In order to obtain pitch tho tar is taken 
to 518“ F., which is a destructive temperature, and it may prove to be 
tho OOBO that the tar to bo used for road purposes should never bo taken 
beyond about 300“ F., and that it should be kept at suoh a temperature 
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until by volatilisation the desired consistency is obtained : the heating 
may oven have to be taken over a period of days. 

Stone used in Tar Macadam. — The stone that is used may be granite, 
tlu^ more porous and dust-maMng being better than tlio very im- 
]iervious and dense varieties. Broken slag from iron and steel works 
ifl also popular, and in some districts burnt flints have been found 
satisfactory. But perhaps limestone is the material which has had 
a greater vogue than either of the above-mentioned stones, and prob- 
ably this has been the ease because of its greater allBnity for the tar. 

Tarmac is a proprietary tar macadam. The stone that is used is 
blaBt-furnace slag, which is treated before it is cold, and therefore when 
tliem oan be no moisture in it, when it is said to bo in a far better con- 
dition for receiving tar than after it is cold. At the works the tar is 
dtstillod and prepared with pitch and other ingredients to certain uni- 
fnini (dieniieal and physical standards, the methods to obtain the best 
resnltH being adopted, so that this preparation should give satisfaction 
as fur as possible with the material at liand. In this case the tar and 
the slag arc waste products, so that the combination should ho exceed- 
ingly nheap in first cost. The stone is graded— 2 J inches includes 2J 
inelu's to 1 J inohos, inches includes 1^ inches to J inch, and f inch 
inehules ^ inoh to ^ inch. These are sent out, the largest being laid 
in bottom, tlio next size on the top of the largo material, and the 
liiK'st material forms the surface. 

Tarvla is a apecially prepared mixture of pitch, dead oils, etc., and 
is imub^ in two grades “ A ” and “ B,” the “ A ” grade being a froc- 
llowing liquid under heat, whoreas the “ B ” grade is of a more solid 
oharactcHr. The “ A ** grade is used for tar-painting and spraying of 
roads, and the “ B ’’ oomposition is used for mixing and coating stone, 
and acts as the binding agent in road oonstruotion. 

Quarrlte is a proprietary composition of small-sized limestone cliip- 
pings in various grades, each being coated with tar and mixed together 
in oortain proportions, and rolled to an oven faoo. 

There are other variations of tar macadam each difiering from the 
otlior in a moro or less slight degree ; oaoh of them are oold prooesses, 
i.e, the material is brought on to the job at ordinary atmospherio oon- 
ditions, and whatovor setting ** goes on must bo duo to volatilisation, 
oxidation, i)rossuro, or a combination of the three. 

POURINO-IN PROOESSES. 

Othor lonns of preparing tar macadam are known as the “ pouring- 
in *’ prooesBOfl or penetration methods. They may be deaoribed as 
hob and cold,** to distinguish them from those above desoribed. 
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The ordinarily broken 2-iiiGh granite maoadam is laid two stones 
thiok, i.e to 3 inches when rolled to an even surface. This surface will 
show a large number of interstitial spaces or crevices, into which is 
poured a mixture of pitch and oil, sand and cement — the oil being that 
known as sharp oil, creosote oil, or anthracene oil. The specification 
of a mixture is given in the Engineering Standards Committee’s descrip- 
tion at the end of this volume. The method adopted is to obtain a 
bucket partly filled with the heated pitch, then from a quantity of hot 
sand and cement sufficient is taken to double the volume of the pitch in 
the bucket ; this is stirred vigorously, and while in a stirred condition 
it is poured into the crevices of the stone. 

The process is crude and uncertain, and, left in the hands of an un- 
skilled person, with no means of ascertaining whether the mixture is 
properly made, there can be no check on the quantity or proportion 
per superficial yard. In some cases the writer has seen the crevices 
unfilled and the stones practically untouched, while in other areas the 
crevices have been filled to the surface. If the spaces are filled the 
quantity required would be about 4 gallons to the superficial yard, and 
in this case the mass is a monolitb, Le. there are no voids, and the surface 
in cold weather would be hard, unyielding, non-resilient, and probably 
very slippery. In very hot weather the pitch is nearly in a flowing 
condition, and sometimes comes to the surface and finds its way 
towards the channels. 

This softening would in time disappear with the volatilisation that 
must go on, but it would then be more easily surface-broken. The 
repair of such a road must be somewhat difficult to manipulate. 

This flowing of the pitch can be ehminated by either filling more 
fine flour into the pitch before it is poured into the crevices or by harden- 
ing the pitch, in which latter case the road will present a very hard 
surface in cold weather. 

In the writer’s opinion the principle is far superior to the usual 
methods employed in tar-macadam structures, especially if the grouting 
could be done with greater accuracy. It is, however, not carried out to 
its literal extent ; the amount of pitch grout employed is varied accord- 
ing, probably, to the cost of the paving that is allowed. In some oases 
1 gallon has been allowed, in other oases 2 and 2J- gallons ; rarely is 
the full amount of 4 gallons, which would fiOl the interstices, employed. 
Where the composition has been comparatively freely used to the extent 
of or more gallons, greater success has attended the experiment than 
where a limited amount like 1 or gallons has been expended in filling 
the interstices. 

As about 6 gallons of tar will coat a cubic yard of l^inoh to 2-inoh 
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THuito, and as tliiw will Hpread to the extent of 8 yards 3 inches thick, it 
dlows that tlirec-qiiarterri of a gallon is einidoyed to the superficial yard ; 
cannot tliorcforo bo said to be grouted whore a quarter of a gallon in 
jccosfl of tlio amount required to coat the surfaces of the stone is poured 
ito thi‘ inti^rstiocs of a flupcrfioial yard of granite, and as the mixture 
loludcH also sand and cement, with a grout of 1 gallon to the yard, is, to 
sc a popular oxprossion, asking for trouble. If grouting is to be a success 
. must be j^roporly done and the crevices properly filled up whatever 
uantity is ro<iuired. Purthor, it is not desirable that the pitch should 
0 too brittle or filled to a largo extent with fine sand or cement. Soften- 
ig in hot weather is undesirable. The pitch-grout method employed 
y Mr J. A. Brodio, M.Inst.C.E., and mentioned below under the 
cad of “ Pitcliniac,*’ has been a success at Liverpool, but complaints 
a VC been matio wliero supposedly tlio same material has been used in 
ic south of England in tlio summer montlis of the running of the pitch. 
Vlii‘tlu'r ilio same H])eoification has or has not been used the writer cannot 
iy, but one factor must bo taken into consideration, and that is that 
lie atmos])lLorio temperatures in Jjondon and the south of England are 
ilTcrent by many degrees from wliat is customary in Liverpool, and it 
\ quite possible that the consistency of the pitch must on that accoimt 
■e amended. 

Mr IJrodic’fl specification is as follows ; — 

PlTCHMAO. 

1 . Tlu‘ pitoli must yield no matter volatile below 270® C. when sub- 

jected to dry distillation, and its total volatile organic matter 
must not fall below 30 per cent. 

2. It must not contain more than 80 per cent, of its weight of matter 

insoluble in petroleum spirit of 0-700 specific gravity (boiling), 
and inust bo free from ejctraneous matter such as sand and grit. 

3. It must twist fairly after immersion for two minutes in water at 

60® P., but not under 65® P. 

Crbosotid Oil. 

1 . The oTooBote oil shall be obtained exclusively by the distillation 

of coal tar, and not more than 6 per cent, shall redistil below 
240® 0. 

2. Tlic oil as obtained by the distillation of coal tar shall not be 

treated in any way either by the addition of any coal-tar product 
or by any extraction of its constituents, excepting such extrac- 
tion as may be necessary to comply with the following requiie- 
ments : — 
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3. li Nhall eontiiiiu no Hnlid matter at 16° 0,, and Hliall have a Hj>eijiiic 

gravity of mit U*sh than 1*000 (taking water as 1*000 nt 16° 0.). 

4, It iiiUHt c.oiitain imt 1 (‘hh than 26 p(‘r oent. of itH oouHtitiiouts that 

do not distil below 320° (X, and the 76 per oent. which does 
liistil over bel(»w 320” 0. shall contain 10 per ctnit. of tar acids 
to b(* extrae^ted by soda, speeiiie gravity 1'126 (water 1 * 000 ). 

The liot jdteh and (»il shall be t(nup(*red in a pitcli boder until it 
(•(nnplies witli tlie foll<»\ving practical tests 

Th(* mixture wluui ctioled in wat(‘r at (50° J<\ should striitch at least 
3 feet hefere breaking, an<l the threads so formeil should ]mll out V 4 M‘y 
finely indecul. It should also, wh(*n doubled into a length of about a 
foot, bear liitting hard on an iron or stone surfai^o without showing 
signs of cracking. 

The author is incline*! to tliink that tliis H])eaifie.ation <*,ould bi» ajjpre- 
ciably amended without altering the intentions of th<* designer ; in 
some of the tests it is diilicult to gauge their valiu 3 . 

The pitoli-grout system is probably doubh^ tlio cost of tar macadam, 
but it has greater density, durability, and impiu'viousness, and trallic 
can pass over it immediately it is cold without any likelilujod of damagi*. 
In the case of tur macadam it has frequently been ncjticeablt» that a ht‘avy 
ty]ie of vehicle passing over the structure had disturbed tho surface from 
end to end. 

The macadam should be properly dry before the. i)itcli grout is 
added, and this is u risk which necessitates the work being done in 
the summer only. 

There is, however, some evidence indicating that this form of ]iavc- 
ment, however crude it may appear to be in design, is one that is <nipable 
of satisfying the traflic requirements in an economical inanm'r for a 
number of years. 

Sldcup TriRla.--A series of trials of various road struoturoH W(‘ro laid 
at Bidcu]) under the direc.tion of the Koad Board, and from n ilnanuial 
point of view they have shown good results. 

Whether they are indeed the most c(umomic.al dcquuuls on various 
factors, e. 17 . the estimated life of the pavement is not stated, the present 
surface condition is ncjt indicated, the condition of the pavement in 
summer and winter conditions requires to be known ; the actual cost 
when laid by the local authority should bo equally desirable. 

The experience of seven years is given in a table prepared by Mr T. 
Chapman, M.Inst.C.B., the county surveyor for Kent, who has very 
kindly pennitted tho reproduction of his chart in the Appendix, 

Cost ol Macadam and Pitch Grout.— It will be noted that the Section 
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No. 2 has cost 8|d. per superficial yard per annum. Ib must also be 
noted that the cost of the water-bound macadam was, according to the 
Road Board’s Report on these trials published in 1913, at the rate of 
2s. 6*66d. per annum, so that the saving by adopting this system 
amounts to Is. 9‘J6d. per superficial yard per annum. 

Taking the Section 23, which is that of a two -coat bituminous surface, 
the cost is stated as Is. 1 Jd. per superficial yard per annum ; but the 
original cost was 7s, 6d. per superficial yard, and as the road has been 
down seven years, the cost per annum equals Is. Id. approximately, 
therefore the cost of maintenance equals Jd. per superficial yard per 
annum. 

But, as IS stated elsewhere, exactly the same pavement has been laid 
by the writer at 4s. 6d. per superficial yard, and Mr Dryland, the county 
surveyor of Surrey, has laid several miles on the Brighton Road near 
Reigate at 4s. 7jd. per superficial yard ; therefore, when the work is 
carried out by the local authority it can be done at a saving of 3s per 
superficial yard on the cost as laid at Sidcup, thus bringing the cost 
down to 7'9d. per superficial yard per annum over seven years, to which 
Jd. per superficial yard for maintenance equals 8'4d. as the total cost. 
The grouted macadam was laid by the Kent County Council, so that 
the two pavements are on the same basis, and the cost is approximately 
the same. The other pavements should obviously be compared on the 
same lines in order to obtain a true comparison. 

The two-coat bituminous pavement has been laid in the writer’s 
district for over twenty years, and the amount for repairs is exceedingly 
small ] so that if this was a fair basis of the cost of maintenance and hfe, 
the cost per annum would with each year gradually reduce, so that the 
total cost spread over twenty years would amount to about 3Jd. per 
superficial yard per annum, which would then bear a near approach to 
the cost of other pavements and bear a similar proportion to the amount 
of traffic that passes over the road with that which passes over the 
wood-paved roads. 

Pltehmac is the name given to a standard mixture of pitch prepared 
by Mr Brodie, the city engineer of Liverpool, and used in the “ pouring- 
in ” process. 

Plascom 18 the proprietary name given to a similarly used mixture 
of pitch, oil, and an impalpable mineral, filling as far as possible the 
whole of the crevices. One ton is used to cover 40 to 45 superficial yards 
of granite laid 2 J inches thick. This matenal does not seem to be afEeoted 
by the hot weather, but is very hard and gives an appearance of being 
slippery to horse traffic. 

The writer’s experience of pitch grouting laid in the early summer 
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was apparently succeeaful until tlie hot weather arrived, when the flowing 
of the pitch became such a nuisance that it had to be removed. 

Val de Travers Matrix. — The bituminous matrix of the Val de Travers 
Asphalt Company is a mixture of bitumen and gnt or other mineral 
matter, in which tar takes no part, although it may be added to cheapen 
the matrix. It is used as described in the pouring-in process. 

The penetration method, as a whole, does not commend itself, for 
the reason that the stone into which the material is poured has not been 
heated and dried thoroughly free from moisture ; the writer has seeu 
the pounng in done while the stone was wet with recent rain. 

Roadoleum is a residual oil in a solid form which is heated, and it 
is suggested should be used in the manner above described. 

Trinidad Liquid Asphalt is another oil which it is said can be used in 
a somewhat similar manner or as a surface dressing. The material 
submitted to the writer was not of a character which would encourage 
its use, but it is subject to alteration, and therefore comments are not of 
great value. 

Doubtless other mixtures of tar, pitch, residual oil, and bitumens 
will be brought forward in the future with more or less success. Any- 
one trying them would advisedly only do so in an experimental manner, 
as it is unwise to judge from the success that may have resulted from 
a few months’ trial on any road. What may be a success in the summer 
may fail in the winter ; what may successfully resist the traffic on one 
particular road may not equally successfully resist the traffic on another 
road. The climatic conditions in this country are very severe, and the 
traffic IS more intense than it is in other countries, so that what may 
be successful abroad may have little success here. It is quite possible 
that many of the processes described will have success in certain 
thoroughfares, and the road engineer has to decide the choice- of the 
road that the material suits. For economical reasons it is advisable 
that there should be a choice of compositions for road-construction 
purposes. 

OTHEE EOAD MATERIALS. 

Lithomac. — The Dimmer and Trinidad Lake Asphalt Company lay 
an asphalt macadam, composed of broken granite passing 1-inch mesh 
(thus including |-inoh, J-inch, and |-inoh sizes), sharp silica sand, and 
pure limestone powder, thoroughly mixed and carefully blended with 
refined elastic bitumen. It is a hot process, i.e, it is laid while the 
material is still hot. The success of this paving depends on the quality 
of the bitumen that is used, and also on the quantity compared with 
the mass of other material, A comment which is applicable to aU pro- 
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cesses of a propnetary ckaiacter is tke work of the comj)any in other 
but similar directions, eg. the Limmer and Trinidad Lake Asphalt 
Company has had a long experience in rook asphalt and mastic asphalt 
work, and therefore should be in a position to correct any imperfection 
if it should arise. 

Asteephalte. — There are seyeral methods employed ; one is that a 
concrete foundation be provided, and on this is laid a binder course 

inches thick when compressed and subsequently an asphalt-weanug 
surface \\ inches thick when compressed. 

Por medium traffi-C the penetration of the bitumen is 50 to 65 and 
for heavy traffic 40 to 55. 

The binder course is graded stone from 1 inch down, mixed with the 
asphalt cement, the mixed material reaching the job at 200° to 325° F. 
and thoroughly compacted while in a hot condition. 

The wearing surface has an average analysis as follows : — 


Bitumen 


Passing 200 mesh 

,, 100 

a 

» 80 

a 

„ 50 


,, 40 

99 

„ 30 

99 

„ 20 

99 

» 10 

99 


12 per cent. 
12 

13 
13 
26 
10 

8 

5 

1 


100 

' The concrete is dispensed with in certain classes of roads and the 
binder 'course increased in thickness from IJ inches to 3 or 4 inches. 

A third method is to lay asphaltic concrete on the existing road 
surface ; the thickness of the concrete may vary from 2 inches where 
the volume of traffic is large to 1 inch where the traffic is very light. 

The materials of which the pavement is composed shall be crushed 
stone combined with a definite proportion of fine mineral aggregate 
and thoroughly mixed with asphalt cement. 

The proportion of various grades to be as follows : — 

40 per cent, by weight of crushed stone (max. size J thickness). 

51 „ „ „ fine mineral aggregate. 

9 „ „ „ of asphalt cement. 

The fine mineral aggregate is the same as used in the binder course 
:knd the asphalt cement similar to that used for medium traffic. 
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The mixture is laid evenly with hot rakea, rolled, and the surface 
flushed with hot liquid aatecphaltc and afterwards coarse .sand sprinkled 
over the surface and the surface thorouglily rolled before opening to 
traffic. 

Mexphalte Paving is a road structure which is similar to that of 
astecphalte described above. The base-coat or binder course is com- 
posed of coarse to fine material graded and mixed with mexphalte 
bitumen. The thickness of this coat is about 3 inches. The wearing 
surface has an analysis similar to that of the asteophaltc-wearing surface 
and conforms closely to that of other asphalt-wearing surfaces described 
elsewhere, but the bitumen employed is mexplialte. 

This paving has been laid down in a number of roads in tliis country 
and abroad. 

Gormastlk is a mixture composed of mineral matter and Sioihan 
rock asphalt, fluxed with Cuban bitumen, which is laid in a manner 
similar to that of mastic asphalt, but is placed on the existing road 
surface. One or two trial lengths liave been laid, and with other new 
processes will have to withstand the tests of traffic and weather. As 
one might expect from the previous chapter, there arc indications of 
hardness, slipperiness, and noii-recuperativc power. 

Rocmac is a composition of silicate of soda, sugar, and other in- 
gredients, and a specially selected limestone which contains a large 
proportion of carbonate of lime Tins mixture is laid on the bottom 
of the road which has been prepared for a coat of macadam, and the 
granite is rolled into the Rocmac mixture until it fills the interstices 
between the stones and thus acts as tlio binding material. This may 
prove to be better than the ordinary water-bound macadam, but it is 
questionable whether it has that resiliency that is necesaary in an ideal 
road, and from the section the writer saw in hot weatlier with traffic 
there was a proportion of dust, although not so great as in the case of 
the macadam road. 

Roadamant is another specialised material ; it is a mastic asphalt, 
and laid on a concrete foundation, or on the existing road surface. 

Trials have been made with a variety of materials, but none of tliem 
have justified extension, either on account of proliibitivo price or by 
reason of inherent defects. 

The hituminous-macadam structure and other processes in which 
tar and bitumen have taken a part, and which appear to meet in large 
measure the criticisms that have been raised, appear to the writer 
of sufficient importance to be described in a separate chapter. 

The plant for the manufacture of tar macadam is built in various 
ways, but the simplest one that appears to the author is composed of 
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a drier of the rotary type, which heats the stone to a teinponiture withii 
the limits necessary for either tar-macaclain or hitumiuouH inixliun^s 
The number of these driers depends on tlio nuinln'r of uiiii-H (h»sif(*(l 
each unitwill heat about 20 tons per day. One mixer (iaii mix at tlu 



rate of about 50 tons per day. Tanks for tho tar or bitumen are usuall 
built so as to allow about 5 tons to be heated at one time, 

Where dehydrated tar only is being used, then it may be desirable t 
have large tanks where it can be stored, the tar being received by tan 
loads and pumped by mechanical pumps. This tank would be place 
at such a height that the tar can gravitate to tho part of tho clopdt i 
which it is required. But some engineers find it more Hutisfactory 1 
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prepare their own tar by cutting back pitch with creosote or anthra- 
cene oils ; the pitch and the necessary oils or tars are more easily 
stored. 

The sketches below indicate a complete plant necessary for a con- 
tinuous output of about 20 tons per day. 

Another type of plant (Pigs. 32 and 32a) erected at Fulham. A is the 
boiler, which raises the steam necessary to drive engine G ; the latter is 
employed in revolving the drier. The flame from the boiler, instead of 
being passed up the chimney at A, passes through the drier and round it 
back again to chimney H. B is the drier ; in the interior is a revolving 
drum. The material to be dried is thrown by manual labour into 
the hopper C and discharges at K. The time taken to heat the atone 
is three minutes, and its temperature is about 100® F. when it 
emerges at K. It is then shovelled into the hopper D, which is raised 
by power to the top of the mixer, where it is automatically tipped 
into the mixer , immediately it resumes its vertical position and 
returns to the bottom for a second load. As soon as the material is 
placed in the mixer, the man there is ready with the required quantity 
of tar composition, and while the hopper D is returning to deposit its 
next batch of material, the mixer has thoroughly mixed the batch ; 
the man opens the bottom of the mixer and allows the mixture to drop 
to the waiting cart. 



Fig. 32a. — ^View of plant for drying, heating, and mixing with either tar or bitumen material for road composition 
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METHODS OF USING TAR AND BITUMEN {continued). 

Essentials in a Road Structure. — From preceding chapters it will 
be gathered that there are a series of factors which are essential and 
others which must be regarded as economical, both of which are important 
in a successful form of road construction. They are : — That the struc- 
ture shall be impervious to moisture, and able to throw the water quickly 
off the surface : that it shall be resilient both in wmter and summer ; 
and the binding agent, therefore, ductile and adhesive (ductility being 
placed first on account of its greater importance) : that the thickness 
shall not exceed 4 inches — this latter depends on the homogeneity : 
that the structure is like concrete, self-contained : and that the founda- 
tion or substructure shall be satisfactory. 

Tendency of Traffic. — The remarkable effect of waterproofing the 
surface that has already been mentioned, and shown in the diagram on 
page 244, is mainly due to tar-sprajdng. This form of treatment has- 
to be considered as annual on account of the tar losing its power in the 
autumn, but there are features which ought not to be lost sight of : 
at the sides of the road the tar retains to a greater degree its power of 
waterprooling even during the winter, showing that it is the traffic that 
causes the disintegration, and that if the tar is left undisturbed it will 
last much longer than one winter. 

This peculiarity suggests that this part of the road is not used, and 
therefore the thickness of the structure might be lessened or, if it was 
practicable, a weaker material might be substituted. But the better 
course would be to flatten the camber so that the traffic is encouraged 
to traverse the sides of the road equally with the centre. 

That there is a tendency for the traffic to keep in the centre of the 
road is to be gathered from the fact that the wear at the sides of a wood- 
paved or asphalt road is much less than elsewhere. 
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ThiclOiess of Material.— If 2 to inches (Chapter IV.) will distribute 
the pressure satisfactorily on to the prepared foundation, then from 
2 to 2^ inches is all that is required at the sides — but in the middle third 
of the width of the road the thiokness should be increased to 4 inches 
at least, in order to allow ^ inch to 1 inch of wear. When this amount 
of wear is noticed, then the road should be repaired and again brought 
to its original condition. The advantage of any road surface that can 
be repaired by placing an inch layer of material is obvious. 

Effect of Wear on Composition of Road. — ^In a previous chapter it 
has been shown that an ordinary wat^-hoxinA macadam road consists of- — 

Macadam stone 55 to 60 per cent. 

Hoggin or chippings and fine material 26 „ 36 „ 

Moisture B „ 10 „ 

If the analysis is divided so as to show the proportions of material 
above and below ^ inch, the following percentages will apply : — 

Above i inch 66 per cent. 

Below i „ 36 „ 

But if the proportions are taken when the road has been subjected 
to traffic and in a firm condition, it will be found that the proportion 
is : — 

Above J inch . . . 66 to 60 per cent, (coarse) 

Below J „ . . . 46 „ 40 „ (fine) 

If, therefore, the best form of macadam road is taken as a guide, 
and an adhesive and ductile binding agent is used in plaoe of water 
or moisture, the above proportions should be followed to obtain all the 
other constituent parts. 

Comparison with Cement Concrete. — ^If another example is sought 
for, the oement concrete foundation of a wood-paved road would 
probably serve, the floated cement coat not being taken into considera- 
tion. The usual proportions are 6 of Thames ballast to 1 of Portland 
cement and moisture. Screening out the stone above inch and 
below • — 

3J- to 4 of stone above J inoh=60 to 57 per cent. 

2^ „ 2 „ sand below i „ =36 „ 29 „ 

1 „ cement =14-0 „ 

If the amount of moisture is taken into consideration, then the pro- 
portions agree even more closely with the above figures for a macadam 
road. 
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Cement conorete roads have not been considered to be a success 
on account of the non-resiliency and the brittleness of the surface com- 
position ; tliis is undoubtedly the case, but whether it is a serious factor 
IS open to discussion, and will be dealt with in a separate chapter. One 
of the principal disadvantages was also that the concrete would crack 
and become unsightly. The writer laid an area in 1908 in order to find 
whether a thickness of 3 inches would withstand traffic which was sub- 
jected to being tipped upon, and on which cabs and carriages were in 
the habit of standing, etc. The composition was of granite ohippings 
and dust, clinker f inch in size, sand and cement in the proportion of 
4 to 1, the proportion of fine material to coarse being about 66 per cent, 
to 46 per cent. The surface was nbbed about J inch deep and about 
4 inches apart. The ribs practically disappeared in two years, the 
surface was never slippery, there was not even the sign of a crack, 
and as it cost only Is. 4d. per superficial yard, it has been highly 
successful. It is probably due to the mixture of chnker ash with the 
granite chippings that the conorete face shows no signs of oracldng, as 
the porosity of this ash would allow the moisture that it may receive 
to expand in its own interior. 

As, however, it is necessary to have a resilient surface, no further 
extension of this surfacing has been laid. 

BITUMINOUS MACADAM. 

Series ol Experiments. — The first series of exiieriments carried out 
by the writer were made with the object of finding the necessary ductile 
binding agent for the fine material. The trials with tar were not in any 
case successful, the tar not being sufficiently ductile, and to obtain 
ductility a large amount was required, which would prove objectionable 
in warm weather ; when the quantity was reduced and hardened or 
softened, the composition was too hatd or too friable, not giving as great 
an advantage as could be gained by using Portland cement. This was 
an indication that tar, although it may be very adhesive and ductile 
in hulk, was not very adhesive or ductile when in a thin layer. There- 
fore, various bitumens were used, but Trinidad Lake bitumen gave 
the best results. 

Purther knowledge of this material would seem to indicate that the 
success of this bitumen was due to the “ colloids ’’ or fine impalpable 
powder or filler naturally placed in the bitumen, because subsequent 
experiments with tar adeqiiately filled with fine material gave results 
which, if this ooUoid theory had been realised at the time, would have 
encouraged this material 01 others to be more extensively tested. 
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Tests with Various Mixtures. — Having obtained this, it was thought 
that instead of large stone being used in the making up of the bituimnous 
concrete, small-sized stone would give better results, and a number of 
mixtures were made, with the result that a small area was laid at a place 
where the traffic was sufficiently severe to test it, in the following pro- 
portions : — 


Limestone chippings, f inch 
Fine sand . 

Limestone dust 
Bitumen . . . . 


54: per cent. 
20 

13-6 „ 

12-6 „ 


This section was laid in 1906, but after a few months, it having 
stood the traffic remarkably well, it was removed on account of certain 
improvements that had to be made. A trial length was therefore laid 
in the spring of 1908 with an admixture of mastic asphalt , the fine 
material in the mastic having been calculated, the proportions were : — 


Granite chippings 
Sand 

Fine material 
Bitumen 


62 per cent. 


. 26 

. 12 

. 10 


fS 

39 

33 


This failed after having been down about nine months, but in another 
road it still remains ; although it must be said that the traffic on this 
section, which was at the time somewhat severe, was for some reason 
or other taken off later on. The laying of this material also proved 
rather onerous, before it could be got into a properly consolidated state. 
Another sample was laid, using limestone chippings instead of granite 
chippings, in the place of the one that lasted only nine months ; thia 
consisted of : — 

Limestone chippings . . . 68 7 per cent. 

Sand . . . . . 29-6 „ 

Bitumen 11-8 „ 

This material also required delicate handling when placed on the- 
road, as only a comparatively light hand-roller could be used to compress 
the mass together. But the results have been very satisfactory, and 
the section still remains, having been laid in May 1909. 

In the summer of 1908 sufficient information had been gained to 
justify the laying of a lightly trafficked street. The road was scarified 
and rolled until the foundation was sufficiently substantial, and the 
depth of 1 J inches' was left for the following composition : — 
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f-ijioh olinkcr 
Granite chippings 
Sand 
Fine dust 
Bitumen 


63 per cent. 


1-6 




23 

4 




8*6 


This road has required no attention since it was laid. The rolling 
of the material was carried out by means of a 10-ton stoam-rollox, with 
wheels 6 feet wide back and front, so that the weight per foot was not 
very much greater than a heavy hand-roller 

In May 1909 another road was laid, but in this case 2-inch granite 
was used together with ohippings, and only the dust of the latter to make 
up the fine material : — 


2-inch granite and chippings 

Sand 

Cement 

Bitumen , 


70 per cent, (about). 


16 


93 


6 

8 


33 

33 


This road has shown signs of disintegration, especially in the winter. 
Curiously, however, it closes up in the summer, but it is evident that 
it would not prove satisfactory for heavy traffic. No repairs have had 
to bo made to the surface, and probably for the road in which it is laid 
it will prove satisfactory ; the disintegration is where the traffic con- 
centrates in the centre of the road, and it would only require to bo 
repaired by taking this portion out, and re-treating on a better basis, 
whenever the surface should demand it. 

In 1910 another road was laid somewhat the same lines, the 
finest material being cut down : — 

2-inoh granite and ohippings 

Sand .... 

Bitumen 

This road has withstood the trallic remarkably well, but during the 
winter there was slight ovideiioe of ravelling, which is probably due to 
either insufiBoienoy in bitumen or that it was too hard ; and as in the 
summer the material closed up with a satisfactory surface, this would 
indicate that the bitumen would be more satisfaetory if it was of a 
softer consistency, and there was also an indication that the fine stuff 
was in too small a quantity. 

Causes of Failure and Successful Proportlons.-~Various alterations 
were made in the consistency to suit the defects which developed, until 
.the constituents came back to the form in the macadam road, as was 


73*6 per cent. 
18-7 „ 
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the ease in the first experiments, .except that the large stone was sub- 
stituted for the small. The most recent and generally most satisfactory 
is indicated in the following proportions : — 

Gramte and ohippings . . . , Gl per cent. 

Sand and dust 30 „ 

Bitumen 9 „ 

Possibly an even better road will have the proportions about 55 per 
cent, and 4:6 per cent., but whether the stone be large or small, the 
division between the two must be between 60 and 60 per cent., and 60 
and 40 per cent,, as is evident in the case of the cement concrete ; the 
bitumen that is required in each case being a matter of calculation and 
trial in a road surface. 

Another method which seems to have the elements of success, 
especially for light-trafficked roads, is to lay 

Gramte chippings, J inch . , .58 per cent. 

Pine sand 30 „ 

Bitumen .... . 12 „ 

This material would be laid at least 2 inches thick on a good foundation. 

Tar Footpaths. — An examination of tar footpaths which have been 
down for at least fifteen years shows a very similar appearance in cross 
section to that which this form of bituminous concrete takes, the differ- 
ence only being that the tar concrete is brittle and there is not quite 
the same proportion of very fine material in the mixture. A section 
of an asphalt mixture made with the same bitumen after about ten 
years was as lively as if it had only recently been laid. The density 
of the composition has doubtless much to do with the bitumen retaining 
its elasticity after such a long period, but the oils which arc used to 
flux the bitumen are not so easily volatilised, as is the case with the oils 
used for the fluxing of the pitch. Also, there are no constituents in 
the bitumen which become solid at or below 60® F., as is the case 
with tar. 

Bituminous Macadanu — There are a number of interesting items in 
connection with the process of mixing this class of bituminous concrete. 
The first is that every particle of moisture must be eliminated, and the 
stone is therefore heated to a high temperature, and whilst in its very 
hot condition is sent to the mixing pan. A definite quantity of stone 
and of bitumen is placed in the mixer, in order that each batch shall 
be precisely the same ; if the proportions vary there is at once evidence 
of a surplus of bitumen or a shortage of ih. The composition must look 
rich, but not so rich as to find its level too rapidly when placed in the 
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ct. The appearanoG of tho mixture to an expenenoed oye will enable 
3orreotion to be made. Even J per cent, addition of bitumen will 
bko a very groat difference in tlie consistency. The temperature of 
3 atone and tho bitumen should be practically tho same while being 
xod. 

To try and make tho mixture by hand is most arduous and slow, 
sides being unsatisfactory. The area laid by tho writer with all the 
pliaiiooa that are available in an ordinary municipal dop6t was only 
tliO rate of 9 cubic yards per day. The heating of tho stone to the 
piircd temperature (about 400° F.) was erratic, and by the time 
it tlioro was sufficient heated to make a mixture tlie temperature 
d dropped to about 2D0° F. It was c[uite evident that rapid heating 
d the ability to store the stone in a hot state was necessary, and that 
3 niixturo should bo made equally rapidly was also essential. The 
ao occupied in turning it over the number of times to ensure the whole 
the stone and fine material being thoroughly coated was so long 
it the oomposition could scarcely bo lifted even with hot shovels ; 
i men were also careless about the heating of the shovels, getting 
3 m almost red hot and thus carbonising tho bitumen with which 
3y came in contact 

Plant for Bituminous Concrete — The pre-war cost of the maoliinery 
cK'ssary to turn out about 60 to 70 tons per day was about £1500 ^ The 
Lohinory is by no means of a oomplioated character, but it must be very 
bstantial, as may be gathered from the character of the stone to be used, 
3 rapidity with which the mixture is made, and the quantity turned out 
r day. The same plant would be equally useful for mixing tar macadam. 
Probably the most accurate but more complicated method would 
coat the aggregate, i.e, tho large stone first and then mix it with 
iiniultanoously prepared bituminous matrix; but, provided tho heat 
the stone is maintained, there seems to have been no difficulty in 
xing tho whole of the material in one operation. 

Thickness laid , — About 4 miles of roads have been laid, and the 
iterial has been subjected to every variety of traffic. In no case 
B the thickness exceeded 3 inches, i,e about 7 to 8 yards to the ton, 
d in some side streets it has been laid only 2 inches thick, i e. about 
yards to the ton. If lighter material than granite is used, the yardage 
proportionately inoreased to obtain the same thioknoss. 

The laying is carried out in precisely the same manner as for the 
iinary macadam road, and with a similar steam-roller to that used 
macadam construction. It is, of course, laid while hot, and the 
ding is brought right up to the area where the material is being laid ; 

^ Present oosts are about £4600. 
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.e. the rolling must be done while it is in a hot condition, in order to 
.ompress it to a proper thickness and obtain a dense section. The 
mght of the roller should be 6 to 8 tons, not heavier, and the type of 
•oiler that will be most satisfactory both for this class of pavement 
ind the tar-macadam pavements will be the rollers fitted with tandem 
vheels. Care has to be taken in laying, that if segregation has occurred 
n the cartage over a long distance, so to place the aggregate with the 
ine material, that it is not too much in any one place. About 600 to 
300 superficial yards can be laid in one day, complete and ready for the 
traffic the following day. 

Finishinq Surface, — When the rolhng is completed and an oven 
mrfacc is obtained, there is an appearance of holes which would hold 
ivater in. In order to give the structure time to work up and make 
1 perfectly even surface with no crevices, a squeegee coat of bitumen 
a placed over the surface to ensure it being perfectly watertight, on which 
t-inoh clean ohippings are hghtly spnnkled. These are quickly absorbed 
by the bitumen, but, just as the road is completed, it does not look as 
well as some might expect ; it, however, rapidly smooths out under 
braffic. 

Stones held in pos^ition iy Matrix.— An examination of a section of 
bhe road structure so made shows that the stones are held in position 
by the matrix of finer material, and that this holding up of the stones 
may be regarded as j)ermanent , one may therefore conclude that 
there will be no attrition of the stone in this form of construction, and 
bhat only actual traffic wear should affect the material. This being the 
3ase, the aggregate may be altered to suit local circumstances ; i.e. if 
a local hard stone is available, it might serve equally as well as granite, 
and be very much cheaper. The same argument applies in cement 
concrete, as broken bricks and other locally obtainable hard stones 
are used instead of the hardest material, such as gramte, which might 
be assumed to be the best for cement concrete. 

Wearing Capacity— Local Stone as Aggregate.— The strength of a 
composition depends on its weakest component, and the same applies 
in road construction ; the wear of a road made up of a granite and a 
matrix of fine material and bitumen, depends on the wearing capacity 
of the weaker of the two parts, which in this case is the matrix. It may 
therefore be assumed that a road composed of material that has an 
aggregate and a matrix will give more satisfactory results if the aggre- 
gate is of the same wearing capacity as the matrix ; therefore, it may 
be found that limestone, Kentish ragstone, sandstone, and flag rook, 
which are all composed of somewhat similar particles, will answer 
more satisfactorily than gramte. 
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With the object of testing whether an aggregate of this nature would 
prove satisfactory, the Road Board entertained a proposal, and seotions 
have been laid in a road having the same trafl&o passing over each 
section, the classes of aggregate being — 

{a) Granite. 

(i) Slag. 

(c) IContish ragstone equal with limestone. 

Flag rook (Yorksluro), 

[c) Picked clinker refuse (destructor). 

In order to also test how much pitch and oil would detrimentally 
ailoot the bitumen, there were, in addition, sections laid with the 
bituminous matter containing in one case 20 per cent, of pitch and 



Fio, 33. — ^The white areas show the aggregate and the black areas the matrix. 

oil, in another with 30 per cent., and a third with 40 per cent., these 
seotions being duplicated in limestone and granite. As these areas 
were only laid in September 1911, no precise information can be given 
at present as to what the results arc likely to be. 

Tarred Old Stone Base and Bltuminons Surface.— A further seotion 
has been laid using the old macadam taken from the road, passing it 
through the heater, and subsequently tarring it with a consistency of 
pitch and oil (84 per cent, and 16 per cent.), in accord as far as possible 
with the Road Board’s specification.^ This was laid hot, and immedi- 
ately rolled to an even surface, on the top of which was laid a coat 
1 inch thick of the bituminous matrix for the surface wear. By this 
method the maximum use of locally obtained material is secured and 
a minimum of a proprietary material. 

The bitumen used throughout these experiments was the Trinidad 
Lake bitumen An actual sectional view is shown in fig 33. 

^ This is now substituted by the Engineering Standards Oommitteo’s speoifioation, 
which appeaxs in the Appendix. 


12 


MODERN ROAD OONSTBUOTION. 


178 

The weight of the various aggregates are as follows : — 


Weight per 
Oubio Feet. 


Gramte 

. 90 lbs. Sand 90 to 107. 

Slag . 

. 96 ,, Lime 30. 

Flag rook 

82 „ Clappings (granite) 86. 

Ragstone 

. 82 , Dust „ 

Clinker . 

68 ,, Limestone (J to dust) 82, 


The speoifi .0 gravity of the pitch was 1'33, and of the oil 1*06, the 
mixture being of specifio gravity 1-27. The spooific gravity of the 
bitumen was also 1*27. The amount of pitch and oil used in the tarring 
of the old macadam was about 7 per cent., the mixture being heated 
until all moisture was thoroughly eliminated and the surface in the pan 
was smooth and glossy at 270° F. 

Cost. — The cost of the bituminous macadam was in Fulham from 
3s. Id. to 4s. 3d. per superhoial yard, allowing in some cases for the 
old material that was taken out of the road at about 6s. per ton (which 
had been used in the bituminous concrete). 

The road structure that appears to the writer to give the most satis- 
factory reaultSj, having regard to its first cost (in normal times), its life 
and capacity for resisting, practically speaking, any form of traffic, its 
cleanliness, and low maintenance, is the two-coat bituminous paving. 
The fact that so many kinds of materials have been used to form the 
aggregate gives it a much greater recommendation for favourable con- 
sideration also because the only imported material is the bitumen, wliicli 
amounts to a small percentage of the whole. 

The base-coat is laid 3 inches thick and is, so far as the aggregate is 
concerned, made precisely as cement concrete is made, and, practically 
speaking, in the same proportions. The material should be broken with 
sharp arrises, but it may be composed of olinker, broken sandstone, lime- 
stone, gramte, etc. etc. The old granite taken from an existing road, 
including the |-inoh, ^inch, J-inch, and a small percentage of dust, will 
equally serve. This should be heated and mixed with hot tar to a con- 
sistency of about 120° at 60° F. in a penetrometer. It will spread at 
the rate of 7 to 8 yards to the ton and give the necessary thiclcness. 
This should cost not more than about Is. 9d. per superficial yard laid. 
The surface after rolling — ^which is to be done while the material is still 
hot — ^will or should give by the number of crevices a good key for the 
Burfaciug mixture ; if it is too smooth, it is evident that there has been 
too much fine material in the mixture, and the excess should be removed. 

The bituminous surface coat may have an aggregate of sand, gramte, 
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dust, and cement, or any other free mineral substance which will give 
an equal grading to those shown elsewhere for wearing-surface iiiixUires. 
If limestone, sandstone, and granite are to be employed, or any other 
stone which requires breaking, probably the best form of cruHlior for the 
purpose IS what is known as the “ Liglitnmg Crusher,'’ which from the 
examples submitted to the writer gives a very good graded material ; 
but the grading must be carefully adjusted, and it is better to obtain 
sand if it is available of the necessary siz(^ The cejuont is not used 
because of its cementing qualities, but because of its fine grading ; any 
other free powder similarly graded will servo the purpose equally well. 
The amount of bitumen can be easily onlculatod. 

The author has used Trinidad Lake bitumen, but it is not necessary 
that it should bo strictly confinod to this bitumen if others will give 
equally satisfactory results, as there is promise in that direction. Using 
the bitumen as indicated, the cost pre-war is as follows : — 

17 per cent Trinidad Lake fluxed bitumen, £0, 10s. ^ £1 li 0 


15 „ cement, £1, lOs,^ . . . . 0 J (> 

08 ,, sand and granite, Os. . 0-11 

Heating and power . , .... 0 3 5 

Labour . 0 3 0 

Other charges 0 2 0 


£2 0 08 

This would spread at the rate of 20 yards to the ton and bring the cost 
to 2s. per superficial yard. The cost of laying, oai’tago, rolling, otu., 
would be about 9d. per superficial yard, malring a total of ds. Gd. per 
superficial yard 

Where heavy traffic is in ovidenco the thioknoss would advisedly be 
increased to about li inolies. 

Whenever any worn area requires to bo repaired, this can with 
comparative ease bo rapidly earned out, oven if it is only required to 
be I inch or 1 inch thick 

Efficacy considered.-- -1'ho road constructed of bituminous macadam 
has been subjected to moderately severe tests, and has come out of thorn 
so far in a remarkably satisfactory manner, especially so when the cost 
in considered It would seem that for roads with such traffic as is indi- 
cated by the three tables on pages 183-6, it would prove to be a very 
useful pavement, but there must bo a limit because of the nature of the 
material making up the composition ; 60 per cent, is stone, the particles 

^ Present cost = £17 per ton. ® Present cost = £i per ton. 

® PL-esent cost == £4, 10s. per ton. 
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of wluoh. are bouud together hy an agent totally different from that of 
the remaining 40 per cent., which is composed of particles bound together 
with bitumen. The two materials must at some time or other come into 
opposition, and it may be assumed that this will be the case when the 
traffic 18 severe and continuous* When the weather is agreeable to 
both, probably the material would withstand any traffic, however severe; 
if the weather should be too hot, the possibilities are that the surface 
might become somewhat soft, and on this account bo afieoted adversely ; 
it has been pointed out that the writer has had some defective areas which 
have been evident in cold weather, due to an insufficient quantity ol 
bitumen, or probably to a too rigid adherence to a specific formula, apply- 
ing it to both light- and heavy-trafficked roads. Light-trafficked xoade 
may be dealt with successfully even where there may bo a comparative 
weakness in bitumen, but where the traffic is heavy and concentrated 
the formula must be amended and the amount of bitumen increased 
This assumption is essential from an analytical examination of the struo 
lure. The increased quantity in the structure allows the largo stones tc 
have a better cushion, and supplies the resihency of wliioh the cold 
weather has deprived the structure by increasing the hardness and 
rendering the air-spaces less effective. 

One method for securing this is to reduce the size of the stone iron 
2 inches to 1 inch • the bitumen would have to bo increased, but th( 
advantage of using the larger stone is that the old stone in the road ma} 
be used, and it would involve greater cost if it had to bo broken to t 
smaller size. 

It is the amount of bitumen in the bituminous surface mixture 
which makes this pavement the success it is under heavy traffic. Eaol 
particle is embedded in the bitumen, which even in cold temporaturei 
has sufficient viscosity and ductility to take up and transfer the pressure 
to the adjoining particles, and in this way no particle is material!] 
altered in its position. This surface mixture on a tarred old mooadan 
base will probably be more satisfactory from every point of view, but ii 
the meantime the process requires to be treated carefully as to the satis 
factory character of the tarred foundation, the outcome of which, in th 
writer’s opinion, is certain. This mixture has already been proved j 
success for many years on bituminous concrete base, and the tarred has 
ought to be equally satisfactory, sealed as it is away from the atmosphere 

Sdentifio Examination — It will be seen that in road construotio] 
there is room not only for considerable scientific examination as to th 
suitabibty of the various materials making up the composition of a roai 
structure, hut also into the composition as a whole, together with a 
examination into the exact limits of any particular form of construotio 
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for any definite class or rate of traffic. The results can only be definitely 
determined after several years’ actual traffic and weather conditions 

With motor traction and resilient tires such tabled information will 
have greater value than could be possible with horse traffic and non- 
resilient tires in the majority. 

Further, considerable knowledge, skill, and sympathy will be required 
in order to obtain the successful results that are sought for. Road 
structures must not in the future be left to the care of the “ old hand,” 
scientific methods must prevail not only with the staff, but with the 
employees engaged in mixing and laying the material, and still more so 
with those engaged in repairs. 

In laying the material down on the road, the weather conditions 
must be stuped and prepared for ; the surface of the base-coat must be 
clean and dry. In laying the topping or wearing-surface mixture, care 
must be exercised that the tools employed are not too hot, so as to burn 
the bitumen to coke ; the material must be well raked and punned in 
with the back edge of the rake so as to ensure an even thickness. If it 
is not done evenly, the unevenness will be exposed as soon as the roller 
passes over it , there will bo patches of a honeycomb appearance The 
jointing up with the area laid the previous day must be overlaid with 
hot material in order to soften the previously laid material ; then, when 
it is sufficiently softened, it will make an adhesive and complete joint. 
Special tamping at the joint will also be necessary before the roller is 
allowed on to the new work. Where manhole covers are placed in the 
road there should be a slightly increased thickness immediately sur- 
rounding the cover, and this also specially tamped ; at the junction 
with the channels it must be similarly treated. 

The rolling should be longitudinally and cross-rolled and in half- 
circles so as to ensure a good surface. 

Repairs. — When repairs are to bo made it is usual to employ fire 
baskets or gas burners. The fire basket is about 6 feet x 2 feet x 9 inches, 
and is made of iron wire interlaced so as to give about 1 J-inoh mesh. 
A coke fire is placed in this oagowork and the bottom of the framework is 
kept about 6 inohos from the surface of the road to be treated, by means 
of supports. At one end is a trolley wheel and at the other end are 
handles, so that the basket can be quickly moved from one area to another. 

The heat softens the wearing surface and it can be easily shovelled 
away, leaving the base exposed. If it is only a patch that is required 
to be made, the area outside the portion shovelled away is out vertically 
by means of a chisel and hammer, leaving a regular thickness of at least 
i inch. 

If the material has not been burnt but merely softened, it can be le- 
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molted in a suitable pan and used witli now matorial to make up the 
amount required to make a sound job. Tlie aanio oarc and trouble must 
bo taken in laying tliia area as in laying tlio new material. Frequently, 
bowo ver, the men employed do not o xcreiso that care and judgment wliioh 
is neceasary to ensure a satisfactory job 

The pail that ia used for reheating the wearing-surface material is 
similar to an ordinary sand-drier. It is about 7 feet long and -t feet wide; 
the bottom is a ourved plate, and on tlie to]) are oovers whioh can be 
opened and closed in two lengths. Under the bottom plate is a second 
plate placed about 2 inohos below tlie first one, and tliis seeoiid plate 
is in direct contact with the fire underneath. If ordinary care, is oxor- 
oised it will be evident that the material cannot be burnt in such a 
machine ; but from the results m some instances the stoking must have 
been very severe or the material left in for an excessively long time, 
because in a few weeks the material has disintegrated and it is quite 
evident that the bitumen has been coked. 

The repaired area, in faot, if it is carefully attended to, should bo 
fully equal to the material wliioh was laid originally. 

Tlio tests mentioned on page 177 have been in existouee about seven 
years, and the previous notes werowritton in 1912, The results, although 
satisfactory from the point of view of the cost over what was the case when 
the roads wore macadamised, are not so satisfactory as had boon hoped for. 
On the other hand, valuable information has been derived from them ; — 

(а) The granite section was the most satisfactory, and lasted about 

six years. 

(б) The slag section was not very satisfactory, and was very little 

hotter than the three following seotions ; — 

(o) The Kentish ragstone after the second year pulverised, and the 
fractured stone beoamo easily noticeable. 

(d) Flag rook had the same oharaoteristio. 

(fi) Picked clinker refuse was, if anything, better than the previous 
three, (5), (c), and (d). 

Many repairs had to be made in all the sections except (a), until 
eventually it was dooided to use the material again by taking it up, 
heating it, and laying it down again as a base for a wearing surlaoo of 
bituminous material. 

Oonolusious from Tests. — It was very evident from a close examination 
that where the stone fractured, the fragments would for some time 
remain embedded ; but they gradually wore, and although this material 
amalgamated with the surplus bitumen, long hoUows were formed so 
that in places the original thickness was somewhat exceeded, and there 
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N,B , — The traffic in this case cancentrates on a width of 14 feet, and the tonnage per yazd. width should read 27, 



Maboh 1911. — Okb Wheel’s Trastio taken at Haikord Eoad, Ptjeham. Road Wedih 10 77 Yards. 


184 


MODERN ROAD CONSTRUCTION. 


g oo <p i-H 10 Q O ‘O CO 00 10 10 £M Cl CD CO 
OS^lDOS^tN I>CO'<HTHOOOSi-iai 
Cl i-i ID CO 1-1 g Cl rji rH 


CO 

OS CO t> 
^ QO 


O 


^ S 

I a 

H 

os 

d'® 

o ^ 


If 

03 


CD 

|5 


fs 

P to 


CSlt^i— l0SrH0S!>03C0 
i-H CO r-i OS 


II II II II II 

t" c- b- i> l> 

X X X X X 

^ g ^ Cl .H 
1-1 Cl 


,-1 

rH OS 

. II II 

• r- 

X X 

Cl CO 


■ I> 

X 

CD 

CD 


OS ^ 

. II ii 

» b' b- 

X X 

CO OS 
r-( Cl 


4 OS ril OS ID 


»D b- i-H 
O i-H 
rH Cl 


Cl 10 CO I-H tH 
r-* 

Cl 


< b« Cl OD ID IQ CO Cl o 

- § 


H >D 00 r -1 . CO b- 

I-H CO ' I-H I-H Cl 
Cl I-H 


5 CD 00 rH t- 


,COb- .IDcOCDi-HClOS 
, CD i-H rH Cl OS 


ID CO (M 10 
CO CD (M 


I— I-H CO Cl b- rH 10 r 
OS OS (N 
Cl CO 


• ri . ® CO CO CO 

, Cl ' r-H I-I rH ri 
Cl I-H 


4 Sl 

egg 

Ill 

I- 

H 







ll 


width 



1911. — ChsTB Wicrk’s TBiAJrFia t attbk at Baquby’s Laite, Fuisam. Boad Width 9-77 Yards 


METHODS OE DSEETO TAB AND BITDMEN. 185 


CD 03 ID ID tH >D 

® 01 p ua o ID o ^ <N o cq o ^ g 

OOCOi-H .H DlCOt>i-ll>00 


ID 
1 ^* 
I— I 

03 


t> CO < 
O 1 


ll 


^ 0 
'S'® 

So 

I s 

H A 

03 


5 CO 

I O 








Tl 

Eh CD 


I' 


t* 

X 


X 


!> I> It- pH O ^ 

t«l>pHt^(Mr— lt>rH 

II II II II II ll X II 
xxxxxxxx 


S CO CO CD oq <N (M CO Til nH 03 CO CO CD O 
rH . (M 03 CO CO t-« 


»D iD , CO ID ID IN 

o f -4 ; 


■rf|rH'^T*<(Nc0pHO3 
(N CD O tJH »D pH ID 
CO 



1*1 

-6 A 


5 o 
^3^ 


-M •• 

H 


yard width . 



i86 


MODERN ROAD OONSTRUOTION. 


■was an indication that if the stone had been reduced to a size that would 
not bo fractured by surface contact of traitic, it would liavo lasted 
satisfactorily The granite macadam, however, did not fracture, but in 
a largo number of small areas it seemed as if it was disintegrating, and 
small stones could be easily picked out. It was, however, hdt in this 
state during the winter, and when tlie summer arrived again tlieso places 
were not apparent ; they had roamalgainuted with tlie. bitumen remaining 
in the immediate neighbourhood of these stones, and the Hurfa(se became 
more or less even again in an extraordinary manner. TJiis pliaso of dis- 
integration and Bubaoq^uont amalgamation went on for over two years, but 
eventually the bitumen failed to act and the pavemiuit had to be dealt with. 

Bitumen not at fault. — In other roads whore the same class of bitumen 
had been used in a different manner with fine material the road had lasted 
fifteen to eighteen years ; it was evident, then, that the bitumen was not 
at fault, but that it was the structure or tlie amount of bitumen. 

In the struoture there was only about 8 per cent, of bitumen, but 
when the material was laid there seemed to bo mom tlian was necessary 
It was a very rich mixture, and wlien tamped it was evidently in excess. 
It was noticed, and commented upon at the time that when the roller 
passed over it in its liot state, the mass sc'oined tt) a<»t as if it was a void- 
lesB struotiiro — ^it rose in front and at the sides of the wlieels ; when it 
cooled, however, this was not apparent, which seemed to diunonstrate 
that the bitumen when hot was in a very oxpandt*d state and tliat it 
contracted on cooling. 

Expansion and Contraction of Bitumen.- -The writer therefore tested 
the bitumen for expansion and CfOntraetion, and found it (‘quivalent to 
Tj-QTj- of its bulk for every 10° F. inoroase of 1/OTn])erature. 

After taking into consideration the atmospherio coiKlitiouH that the 
pavement was subjeoted to, it was not difficult to arrive at the naiiolusion 
that this was the cause of the failure of the bituminous macadam form of 
construction. A differonoo of 82° F. has boon noted in one day’s tem- 
perature, and this would account for a very considerable exi)anHion or 
contraction. With only 8 per cent, of bitumen in the structure it ought 
not to have affected it adversely, but when allowing for tlio different 
specific gravities of the aggregate, this percentage of bitumen by weight 
was found to be equal to 21 per cent, by volume. As th(^ stones wore 2 
inches deep, and the bitumen would bo affected to that depth by any 
weight on a particular stone, the expansion would bo a serious item. 

Aa will be scon later, the. thickness of the film of bitumen would not 
bo more than inoh ; the bitumen would be thoroforo subjected to a 
ductile force equivalent to several times its own thickness. The ductility 
of bitumen does not generally allow for so groat a strain as this 
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without brcaldng, therefore the bitumen would be fractured if the traffic 
passed over the stone under such oonditions, and as the bitumen would 
not necessarily combine, moisture would penetrate and cause eventual 
trouble. 

Size of Stone in Wearing Surface. — It is aubm;itted therefore that, 
whore bitumen is to bo employed in a surface structure subimtting to 
heavy traffic, no particle should bo in tbo surface larger than to J 
inch, and any surface structure which contains larger material should 
only be used in roads where the traffic is limited, or confined to those 
places where the temperature varies witlun small Lmits. 

It was for these reasons that a wearing surface consisting wholly of 
fine material and bitumen was used to take the place of the material 
that had been used in the trials, this surfacing being placed on the top 
of the bituminous macadam which had been removed, reheated, and 
placed in position to a depth of about 2^ inches, thus forming what has 
been called a two-coat pavement, one ooat forming the base for the 
wearing-surface coating. 

Analysis by Weight and Volume.— In a preceding paragraph mention 
is made of the percentage by weight and volume. In asphalt pavements 
it is rooogmsed that a good deal of attention must be given to the analysis 
of the oomposition in regard to the amount of bitumen as ccynpared with 
the aggregate, and all analyses are made by weight. Probably no two 
cases where these comparisons are made have the constituents of the same 
specific gravity. The speoifio gravity of the materials may vary between 
0-4 and 3, the former being vegetable fibre and the latter being cement. 
Whore ordinary stone is employed the specific gravity may vary between 
2*4 and 3 The speoifio gravity of bitumen is about 1*06. It is obvious 
that if 10 per cent, bitumen is placed in two oompoaitiona wliioh are 
respectively 90 per cent, with a speoifio gravity of 2-4, and 90 per cent, 
with a speoifio gravity of 3, the actual amount of bitumen is less in 
the one than in the other, although the size of the stone may bo precisely 
the same in both oases ; e.(/. A, suppose 90 lbs. of material of specific 
gravity 2-4 of a fixed size requires 10 lbs. of bitumen to properly coat 
it, then the volume is represented as follows : — 

Material^ 37-6 =80 per cent, volume 

9.43 

Bitumen^ =20 ,, ,, 

46-93 

B, 90 lbs, of material, specific gravity 3, of the same fixed size as in A, is 
coated with 10 lbs. of bitumen; here the volume is represented as follows : — 

Material =30-0 =76 per cent, volume 
Bitumen =9-43 =24 „ „ 
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The differenoe is equal to 4 per cent, of the volume ; that is, there is 
20 per cent, more bitumen in B than in A, and this may be of import- 
aueo beoauso it indicates that if A failed, B would not necessarily do 
so from a shortage of bitumen, whereas it might bo assumed that B did 
not fail because the material was of a bettor character. It is evident, 
therefore, that wrong assumptions may be easily arrived at by making 
comparisons from an examination of the weight analyses only. 

Amount of Bitumen to be used In Mixtures. — Having regard to the 
factors that have been raised in the foregoing, it is important to have 
some method which will enable the amount of bitumen to be determined 
that should be employed in a bituminous structure suitable for a wearing 
surface. The following explanation of an examination into the struc- 
tures which have been laid down in this country will bo found to be of 
interest, as from it can be formed a clear specification which, provided 
the bitumen is satisfactory, should prove suitable under conditions which 
apply in the British Isles. Where temperatures are higher, probably it 
win be found that the film of bitumen need not be so thick. In cold 
climates the thickness might have to be increased. 

A series of calculations of the surface area of particles was first made, 
and in order not to confuse the matter each particle was assumed to be 
a cube. The particles are not cubes, but whatever the actual surface 
area may be, it is probably the case that the surface area of a cube 
multiplied by a constant will give the true surface area, because the 
results of the oomparisons of various pavements show that the method 
adopted is satisfactory. 

Table XXIX -*-40 Per Cent. VoaDS. 


200 mesh^O-OS mm. has a surface area 13,728 sq. 

ft. 

100 „ =0-13 „ 

11 

II 

8,446 

It 

80 „ =0 20 „ 

if 

ir 

6,400 

II 

60 ,, =0 26 ,, ,, 

II 

II 

4,224 

II 

40 ,, =0 40 „ ,, 

II 


2,746 

II 

30 ,, =0*68 ,, ,, 

II 

II 

1,892 

II 

20 „ =0‘84 ,, ,, 

11 

>1 

1,307 

II 

10 „ -160 „ 

II 

n 

732 

II 

J-in. ohippings 



613 

(172)1 

4-ia „ . . . 



856 

„ (86)1 

J-in. „ . 



177 

.. (67)1 

1-m. „ . . . 



166 

(«)‘ 

14 -m. stone 



212 

(28)1 


1 The figiues in braokets are the superfioial areas if the atones were cubes, but 
the 1^-inoh ohippings, etc , are not cubes but of greatly varying shapes, and the areas 
given without brockets ore the calculated areas based on the amount of bitumen 
that was required to cover them in the same proportion as would be necessary in 
the foregoing sizes of material of this table. The excess is due to the minute corru- 
gations and rough faces of the fractures of the stones. 
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Then, taking three analyses which are fairly representative of two 
rook asphalts, A and B, that are successfully used in London, and one 
artificial asphalt, C, out of a series of tests. 

Areas as calculated from Table I. ; 


A = 9370 sq. ft. Sp. gr. of aggregate 2-66. Sp. gr. of bitumen 1’06 
B= 11319 „ „ „ 2'66 „ „ 1-06 

C = 6846 „ „ „ 2 72 „ 1 06 

Therefore speoifio gravity of A as a mass =2-477 
.. B „ =2-43 

„ ,, C ,, =2-68 


A 

B 

r 


2 477x10-87x12 
1 06 X 9370X100 
2-43x13-62x12 

1- 06X11319x100 

2- 68x13-46X12 
1 06X6846X100 


=-000326=thiolaieBa of film. 


= -000331= 


»> 3 J 


= •00065 = 


Formula for oaloulaiiug tliicknosH of film from an analysis : — 
a = area of faces of all grades in square feet. 
s=Bpcoifio gravity of mass of mixture of bitumen and aggregate. 
6=peroeiLtage of bitumen in mixture. 

l*06=specifio gravity of bitumen. 

Thickness of film = ^ 

' 1-06 X ax 100 


Tabliq 



A. 

13. 

C, 

Bitumen . 

10'67 

13*62 

13-46 

PafiseB 200 mesh 

61-86 

76-64 

14 86 

„ 100 „ 

16 73 

7-33 

16-25 

n 80 „ 

7 26 

120 

16-07 

•* 60 

3-70 

0-64 

34>54 

» 40 „ 

, , 

, , 

188 

M 80 f. . 

8-04 

1-01 

2 60 

II ^0 . 

1-04 

0-31 

, , 

» 10 , 

0 61 

0 15 

1-37 


Allowing for the difFerenoe in speoifio gravity of the mineral matter 
in each case, the film which covered each particle was A=0-000326, 
B=0-000331, and 0 =0-00066. 

This indicates that the coating of the natural rock is much more 
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efieotive and less wasteful in bitumen than it is possible to employ in 
artificially made asphalts to the extent of 100 per cent. ; in other words, 
we use m artificial mixtures just twice the amount that nature employs 
in the natural rook which is used for the same purpose. 

Numerous examples have been tested, and they all follow the same 
hues and give approximately similar results. This being the case, it 
is not difficult to formulate a table which will denote the amount of 
bitumen required in any grade of material that may be selected as a 
structure. 

Table XXXI. — Pbbobntage op Wbights of Bitumen 

REQUIRED TO OOAT 1 CuBIO FoOT. 


MatonaJ. 

200 

Mesh 

100 

Mesh. 

SO 

Mosh. 

60 

Mesh 

40 

Mesh 

30 

Mosh 

20 

Mosh 

10 

Mesh 

Sp. 

gr 

10 . 

84 go 

52 2 

33 92 

26-10 

16 96 

11-68 

8 08 

4 52 

11 

It 

30 . 

28 30 

17 4 

1131 

8 70 

6 66 

3 68 

2 69 

161 

it 

It 

2 82 . 

30 11 

18 56 

12 06 

9 27 

6 01 

4-14 

2 87 

100 

it 

it 

2 65 . 

32 04 

19-69 

12 80 

9 86 

6 41 

4 41 

3 26 

1-70 


From a table built up on lines that are here indicated it is possible 
to compare the effect of bitumen on materials, and it would enable 
engmeers who have before them a successful and unsuccessful pavement 
in the same area, to inform themselves whether the bitumen is of the 
same thickness per superficial area coated in the one ease as the other. 

Examples of Effect of Grading on Amount of Bitumen.— For example, 
suppose that the materials in two examples are the same specific gravity 
but of different grading, but that the percentage of bitumen by weight 
was the same in both instances. 

Table XXXII. 

A B. 


Bitumen . 

per cent. 

12 


per cent. 

12 


200 mesh . 

16 

4-80 

26 

8-01 

100 „ . 

16 

2 96 

18 

364 

80 „ . 

8 

102 

12 

154 

50 „ 

20 

1-97 

10 

0-98 

^ » 

16 

0 96 

6 

0 32 

30 „ . 

8 

0-36 

4 

0-18 

20 „ . 

4 

0 13 

7 

0 23 

10 .. . 

3 

0-06 

7 

0-12 


100 

12 16 

100 

14-92 



METHODS OF USESTG TAR AND BITUMEN. igi 

It wiU be seen by taking the specific gravity as 2-66 for the mineral 
matter and iuiiltipl 3 rirLg the percentages in the analysis by the figures 
in the table for the various meshes at a specific gravity of 2-65, that the 
percentage of bitumen in A is very nearly the amount that is found to 
be necessary in an artificially manufactured asphalt, but in the example 
B there is a shortage of 2-92 (or about 25 per cent, short of the required 
amount of bitumen). In other words, the thickness of the film in A is 
approximately 0 00064 inch, whereas in B it is only 0*00061 inch. In 
consequence we can judge that if A was successful and B was unsuccess- 
ful one of the reasons of failure could be attributed to a shortage of 
bitumen, and that therefore it is ])lainly evident that a superficial ex- 
amination of the weight analyses of asphalt mixtures is not a guide to a 
true examination, and it will be seen that every phase of grading, volume, 
and specific gravity must be considered before a comparison is made. 

Amount ol Bitumen in Natural Asphalt, — It must not be taken that 
the writer is l&ying it down as a rule that the film should be of the 
thickness set fortli. Natural rook asphalt has a film of Ijit union tliiok- 
ness only half that of the artificially manufactured asplialts. It is 
probable that by improved machinery or methods of mixing it may 
be that the percentage of bitumen in the artificial asphalts can be 
brought to that of the natural rook. This is well worth investigation, 
because the cost of the bitumen in the artificial mixture is equivalent 
to about 66 per cent, of the cost of the mixture, and a reduction would 
materially alter the coat of the mixture, and roads would bo in that 
respect greatly cheapened in cost. The possibilities of such a result 
eventuating are not remote ; the results of manufacturing cement con- 
crete bricks as described on page 216 are suflicient to indicate that as it 
is possible to use half the amount of cement in cement concrete and 
obtain equal results to what are obtainable with double the quantity, 
it may be equally possible with bitumen, and especially as in this case 
it is done by nature. 

The writer is convinced that the above tables can be used in the 
same direction and with similar results in cement concrete, the cement 
being taken as occupying the relative position of the bitumen in asphalt. 

Voidless Structures. — Another experimental scries took the form of 
voidless structures artificially made. A ineasuro exactly 1 foot in every 
direction — ^length, breadth, and depth — was used, and filled with 
variously graded materials It was filled first with IJ-inch granite and 
the weight was 97 lbs,, equal to 66 per cent, oubio feet of granite, or 
46 per cent, voids. But the 97 lbs was removed, and into the spaces 
were inserted 28 lbs. of j^inch chippings, 29 lbs. of fine sand, and 7 lbs. 
of cement ; the total weight was 161 lbs. 
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The volume represented by these was respectively 56'0 per cent., 
5 3 per cent., 17-3 per cent., and 3-6 per cent., or a total of 91-2 per 
ent. ; Le, 8-8 per cent voids. Similarly with J-mch chippings, 97 lbs., 
he spaces were filled with 33 lbs. and 8 lbs. cement, the total weight 
)eing 138 lbs., and the void8=21 per cent. Using granite dust, i.c. J 
0 powder, the weight was 116 lbs., to which 14: lbs. of sand and B lbs. 
»f cement was added= 135 lbs. The voids m this case were 23-6 per cent. 

The smaller the aggregate the greater the voids ; it is clear that the 
jffioulty is to place the particles in the voids that remain among the 
mailer particles. 

It IB evident that in the three oases illustrated a perfectly voidless 
tructure would be secured by the addition of bitumen to the amount 
d volume of the voids represented in each case, i.e, 8-8 per cent., 21 per 
ent., and 23*6 per cent. 

By the table above, the amount of bitumen necessary to coat each 
)article is 3*6 per cent, or 8 8 per cent , of the volume in the first case, 
.e , just the amount required to fill the voids ; 10-8 per cent, in the 
econd case, i,e. 10*2 per cent, less than the percentage of voids ; and 
n the third case 13*50 per cent., or 10 10 per cent less than the 
Dercentage of voids. 

Even supposing that such percentages of bitumen could be coated 
m to the particles, it would not make a satisfactory structure, the moss 
vould be easily crumbled , this would be apparent if a sample was made> 
ind it would be clear that if the Table A was used without taking into 
lonsideration the factors necessary for a good structure, it would be 
nisleading. In the case of the first of the last three examples, the full 
quantity of 8-0 per cent, by weight is necessary to make a good con- 
Mete which is useful both for the surface of a lightly trafficked road 
luch as would be found in the side streets of any town ; but it makes 
m excellent and economical base of a “ two-ooat ” pavement, even if a 
7-ery heavy tar mixture is used of the same consistency as the bitumen 
jhat is generally adopted as suitable for the upper surface. It is im- 
orobable, in the case of the voids being filled in the other two examples, 
»hat the composition would hold together under traffic for any length 
if time, so that the mere formation of a structure which has for its 
ibject a voidless mass must not be taken as providing a good road 
itructuxe ; but, on the other hand, it must not be assumed that a void- 
ess structure differently composed would be a failure Mastic asphalt 
B voidless except perhaps for the enclosed spaces which are formed by 
he gases contained in the substance while in a hot condition, and which 
•n cooling contract and become liqmd again, leaving these enclosed 
paces, thus forming in each case a number of miniature voids. 
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Fine Material Important in Mixture. — From the previous oxamiua- 
tiou of the “ coUoid theory m bitumen, we may suggest that as fine 
material is impoitant in the bitumen, so also is fine material of the highest 
importance in the structure in which the bitumen is to be employed. 
The bitumen must be conveyed and brought into contact with every 
particle forming the aggregate , and although m theory this would bo 
secured by making a voidless structure, it is practically impossible to 
construct and lay down a voidless structure in a road with a material 
in which bitumen is to be employed The temperature of the com- 
position when it is being laid is 326° to 4B0° F. It has been explained 
that when it is in a hot condition the bitumen is in an expanded state. If 
it is rolled when in a hot state, the surface thereby is sealed. Any person 
passing by can smell the peculiar odour which comes from the bitumen. 
This at once informs us that certain parts of the bitumen are in a volatil- 
ised state ; and if this is so from the surface, these gases must be formed 
in the structure itself, as the bitumen contracts when ooolmg. After the 
rolling has stopped, the contraction will cause spaces to form in the 
structure 

Voids In Compressed Asphalt. — An examination of a section of cold 
asphalt taken from the road will indicate that whatever oompression 
has been given by tamping or rolling, the oompression is very much 
more distinct near the surface and very indistinct at the underside of 
the sheet of asphalt. Microscopically examined, it has been esti- 
mated that the compression at the surface is full, but at the underside 
is equal to 86 per cent. Thus the average percentage of voids is 1 \ 
per cent. 

"Whether it is this that causes the necessity of providing a larger 
quantity of fine material to be used, it would be difficult to say, but 
there remains the fact that in every instance of a good and lasting 
asphalt pavement the amount of fine impalpable material is very con- 
siderable. 

Take the two examples of natural rock asphalt that are given on 
page 189. The percentage of fine material of 80, 100, and 200 mesh is 
very high: in Ait is 76*83; in B it is 84*13 per cent.; in C, an artificially 
made asphalt, it is 47*18 per cent. 

In all the examples of paving which have given a satisfactory surface 
lasting over ten years under heavy traffic, the amount of dust which it 
is apparent should be included in the mixture is at least 36 per cent., 
and not less than ^ of this percentage is of 200 mesh or less size. There 
are some successful oases where there is an excess of bitumen, in which 
case the bitumen takes the place of the dust and it becomes a mastic 
as distinct from an asphalt. 


13 
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Proportion o£ Grading. — The rule that the writer suggoats should 
be adhered to la that the aggregate in a wearing surface should 
consists of a composition of grading somewhat on the following 
hnes . — ^two-fifths should be of 200, 100, and 80 mesh, the greater 
proportion being of 200 mesh ; two-fifths of 60 and 40 mesh ; and the 
grades 30, 20, 10 and below 10 one-fifth ; the largest size of material not 
to exceed J inch 

Film Thickness. — The film of bitumen should bo 0-00066 inch 
thick. 

Test with Tar, — In order to find whether the filling of the bitumen 
had any material benefit, a test was made with tar, which was liberally 
treated with a finely divided filler. When this was properly incorporated, 
an asphalt- wearing snrfaoe was made of similar mixture and grading 
to C on page 189, but instead of bitumen the treated tar was used. 
Although the result was not as good as that obtained from the bituminous 
mixture, it was surpnsmgly better than was ever anticipated, and sub- 
mitted to heavy traffic for several years 

Expansion and Contraction of Bitumen. — The road is subjected to 
weather, varying temperatures, a variety of traffic, and varying intensity 
of traffic 5 it may he fairly conjectured, then, that it is the expansion 
and contraction of the bitumen that is the main cause of its failure 
in many of those instances where failure has occurred. These failures 
will be reduced by providing such an amount of fine material that 
the bitumen is brought into multitudinous contact by such small 
particles that, although the expansion of the bitumen takes place, the 
effect is very small and the traffic cannot disturb it to any material 
degree. Another method is to use a harder bitumen not so easily 
affected by the temperatures of the atmosphere ; but in this case the 
bitumen must be in excess, and will form an asphalt more in tlie form of 
what is known as mastic asphalt. 

Success obtained from proper Grading. — In the writer’s opinion 
these are, with the grading of the aggregate, the main factors which 
will go far to ensure success for a paving in which bitumen is used as a 
binding agent. 

Clinker Refuse from Destructor. — In 1903, for the purposes of making 
a quantity of paving slabs with clinker refuse from the destructor, a 
plant was installed which consisted of a crusher which roughly crushed 
the clinker and then, passing through a screen, fell into a second screen 
in which was a paddle lift which carried aU the material that failed to 
pass this screen to a granulator which ground the clinker until it 
was able to pass the screen. By this moans the following grading was 
Beoured ; — 
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Passing 200 mesh . 

. . 10-3 per cent. 

j) 

100 „ 

. 5-5 

)) 

) ) 

fill „ 

4-1 

3 } 

11 

oil „ 

10-6 

33 

I » 

;3» „ 

. 26-6 

33 

j ? 

21) „ 

. 6-1 

33 

» ' 

10 „ 

. 28-3 

33 

on 

10 „ 

. 6-C 

33 



100 



Tliifct grading wan uoar tu that roqiiiivd for an awpluilt-weariiig sur- 
face . Auuinbcrof small oxporimental areas wore laid down composed 
of tliia material with tlio requisite amount of tiic finer grades in 1908 
and following years and ]>roved satisfactory. 

There seems no reason why this material should not be more exten- 
sively used where it is available and where fine sand is not obtainable. 
The difficulty that had to be overcome was keejniig the fine material 
that is already in the aggregate in the mixture. The aggregate had to 
bo heated to about 600° E., and these fine particilos did not pass through 
the heater at the same pace as the larger of the small particles, and a 
proportion was lost or floated in the chamber and found its way into the 
flues, from which it had to be extracted and added to the composition ; 
whereas, in the ordinary method of using sand and cement, the cement 
which is 200 mesh is added at the mixer, and hence it is always known 
that there is the required quantity of impalpable powder in each batch 
mixed. This is a difficulty which can be got over by special machinery 
whenever it is intended to use this class of material. 

Dust from Granite Roads.— From granite iiiaoadam roads the mud 
and sweepings (apart from the manure and vegetable matter), when 
dried and sifted, indicate that in this material a good grading can be 
scoured. The analysis is as follows : — 


Passing 200 mesh 


23 per o(mt. 


33 

100 

l> 



9 

33 

80 

n 



8 

33 

BO 

33 



C 

33 

30 

33 



. 30 

33 

20 

33 



. 10 

33 

10 

33 


• 

. 16 
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Wood Flour. — WLen tlie fine matenal of 200 mesli is dif&oult to 
ofitain, oement is always available, not for its cementing properties but 
merely on account of its fine grading The cement is in some places 
very expensive, whereas a matenal like wood flour may be available ; 
and as the specific gravity is about J that of cement, its bulk is six times 
as great as cement, and it may therefore be much less costly for a fiillor. 

An analysis of a sample that was submitted showed > 


Passing 200 mesh 

19'1 per cent. 

„ 100 „ 

• 19 0 „ 

„ 80 „ 

■ 19-1 „ 

60 „ 

23 8 „ 

j> 30 ,, 

19-0 


lOO-O 

This matenal might be more successfully employed in the maniif acturo 
of asphalt blocks rather than in an in situ pavement, because the wood 
fails to retain heat long enough to enable it to be carted any distance 
from the mixing works, and hence it will be so cold when it arrives at 
the site that difficulty is expenenced in laying it in position. 

The foregoing Tables are used in the Examination of the following 
Road Sections. — A. few examples of analyses of varions pavements that 
have been laid down by different firms in the British Isles will perhaps 
lie instructive of the bitumen contents and films as worked out from 

the methods snggeated in this chapter ■ 

— 

Example 

A. 

Bitumen . 

10-37 per cent. 

200 mesh . 

1-97 

100 „ . 

5-03 

80 „ . 

4-77 

50 „ 

34 60 

10 „ . . 

11-20 

30 „ . . . 

8-16 „ 

20 

8-66 

10 „ 

11-88 

on 10 „ 

3-48 


100 00 


The surface area — 3096 superficial feet and the thickness of film of 
bitumen=0 00116. 
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Example B 


Bitumen 

16-94 per cent 

200 mesh 

. 6 43 

100 ,, 

27-43 „ 

80 , 

. t-78 

50 , 

. 11-77 

10 , 

. ID 29 

30 „ 

. 8-31 

20 

. 7 03 

10 „ 

. 6-42 

on 10 „ 

. . 1-00 „ 

100-00 

In this ease the area =4566 auperfioial feet and the film of bitumen 

0'00068 inoh. 

Bitumen 

Example 0. 

. 13-36 per cent. 

200 meah 

14-40 „ 

100 „ 

. 16-19 „ 

80 „ 

- 17-24 „ 

60 „ 

. 33-06 „ 

40 „ 

- 2-00 „ 

30 „ 

. 2-16 „ 

20 „ 

. 1-26 „ 

10 „ 

. 1-36 „ 

lOO'OO 

The areas are 6282 superficial feet and the film is 0-00065 inch thick. 


Another sample with looal material is as follows : — 



Example D. 

Example E. 

Bitumen 

11 82 per cent. 

14-6 per cent. 

200 meah 

. 18-85 „ 

16-0 

100 „ 

. 30-98 „ 

29-6 „ 

80 „ 

9-16 „ 

9-3 „ 

60 „ 

. 13-41 „ 

16-4 „ 

40 „ 

6-97 „ 

6-3 „ 

30 „ 

4-26 „ 

4-1 

20 

2-30 „ 

3-8 

10 „ 

0-37 „ 

1-4 

on 10 „ 

2-89 „ 

100-00 

100-0 
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Che area of D is 6606 superficial feet and the film of bitumen=0'00068, 
Lnd the thickness of film in E= 000661. 

Another sample gives the following analysis. It was IJ inch thick, 


aid on old macadam surface : — 



Example F. 

Example Q 

Bitumen 

14'156 per cent. 

19-6 per cent. 

200 mesh , 

. 14 144 

17-06 „ 

100 „ 

6-08 

6-06 

80 „ 

. 2-24 

1-9 

60 „ . 

4-68 

6-56 „ 

40 „ . 

. 3 80 

4-67 „ 

30 „ 

3 80 

4-63 „ 

20 „ 

. 6 326 

7-00 

10 .. . 

16-874 

16-4 

8 „ . 

. 7-89 „ on 10 

18-00 „ 

4 „ . 

■ 21-01 



100-00 

100-00 

'he surface area F = 

=3326 square feet and the film was 00130 inch. 

» » G= 

=3732 ,, ,, j, 

-00161 „ 

The samples H and K were taken in 1916 and 

1917, with the following 

naljsis : — 




Example H. 

Example K. 

Bitumen 

. . 12-03 per cent. 

11-1 per cent. 

2b0 mesh 

. 16-28 „ 

13-6 

100 

. 16-04 

6-1 

80 „ 

. 26-71 

6-6 

60 „ 

. 12-77 

36-4 

30 „ 

7-63 

18-46 

20 „ 

0-46 

3 3 

Id „ 

1-48 „ 

2-66 

on 10 „ 

8-71 

3 06 


• • 

0-86 


100-00 

lOO'OO 


he superficial area of H=6607 sq[uare feet and the film=0'00066 
Loh ; that of K works out at *000682, 

Two examples of a special character laid down as an experiment, 
\ inches thick, on old macadam : — 
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Example L. 

Example M. 

Bitumen . 

11-80 pot cent. 

1 l-OO iH'r (Hint. 

200 mesh. . 

. 13-78 

I) 

lH-2() 

100 „ . 

7-02 

n 

'J-8r> 

80 „ . 

8-40 

}> 

M6 

60 „ . 

. 19-90 

}i 

12'(IO 

10 . 

3-90 

II 

MIO 

30 „ . 

4-03 

91 

(i-OO 

10 . 

. 21 - 6 + 

11 

in - 10 

on 10 „ 

9-08 

91 

18-70 


100-00 


1 (HI-00 


The superfioial areas are. '1211 1^)150 fliiiiorfitjial loot 

respectively, and the film tliickne8B(‘H are rettf)et^tively t)*n()()Rn incdi and 
0-00076 inoli. 

Comments. — The oommeiits that can lie made Troiu un exainiiiaiion 
of the analyses are as follows : — 

A The mixture would be rich in bitumen, tliere btduja; nearly 80 per 
cent, more bitumen in the mixture than is iieneBsary to coat tlie ])arti(il(‘H, 
Owing to the low percentage of fine material, the exoesH of bitunnui does 
not make up for its lack of fiine material. 

B. There is the right quantity of bitumen in this mixture, and not an 
unsatisfactory proportion of fine material \ but it is too Ingh in the 100 
mesh, and there is too large a proportion of the noarser grading, 

0 is a good and evenly divided grading. There setmm to ho, if a 
ontioism is needed, a trifle too high a ]>eroentag(^ in the 80 uiesh which 
might with advantage be given to the 80 and numlieH. The film of 
bitumen is satisfactory. 

D. There is too high a proportion of fine material and a shortage of 
bitumen. This is an oxamifie which indicates that, in all probability, 
if the 100 mesh, had been reduced and the dilTerenc.e given to the 50 and 
30 meshes, the same percentage of bitumen would have boon moro 
satisfactory both as regards the film tliiokneHs and the grading. 

E is a satisfactory mixture. 

F and G, These samples from the same pavement show veiy uneven 
mixing. The percentage of bitumen is very high, and it was known to 
be of a hard oonsistenoy. It is a mastic asphalt. 

H is a mixture which is badly graded; there is too much fine material, 
although the film thiokness is satisfactory. 

K is short of fine material, but there is a slight excess of bitumen, 
which is helpful. 
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L and M Those are both rioh in bitumen. There is not enough 
bitumen to justify it being called a mastic asphalt, although it is approach- 
ing that point. They arc short of fine material, hut the excess of 
bitumen makes up for that to a great extent. 

This form of analysis is useful for detormming, as has already been 
iiiontioned, whether the amount of Intumen that is required to coat the 
particles is really in a structure that has failed. Take tliroe instances 
which are instructive: one was laid in King’s Road, London, in 1894; 
the second was in King’s Road, London, in 1896 ; and the third in 
the Thames Embankment, 1906. 

1. 2. 3. 


Bitiimon 

. 10*0 per cent. 

10-8 per cent. 

11-5 per eent. 

Pasfling 200 mo-Hh 

7-4 

ft 

13-0 

n 

17-5 „ 

» 100 „ 

. 16-9 

i» 

7-3 

>> 

7 0 „ 

» 80 „ 

. 114 

i> 

22-6 

t) 

23-0 „ 

,, 50 „ 

. 11-1 

)) 

26-3 

}» 

32 0 „ 

» 40 „ 

. 24-0 

)) 

8-9 

>» 

6-0 „ 

91 80 ff 

. 12-2 


6-6 


3-0 „ 

„ 20 „ 

6-0 

>J 

3-0 

>1 

0-0 „ 

„ 10 „ 

3-0 

ff 

1-8 

)> 

0-0 „ 


100-0 


100-0 


100-0 


The percentage of bitumen worked out on the scale above should he 
9-8, 11*62, and 11*04: roapeotivoly, showing that there was sufficient 
bitumen in Nos. 1 and 3, but a shortage in No. 2. Of the three No. 1 
failed, as the composition scaled under the heavy traffic ; No. 2 resisted 
fairly satisfactorily, but required oonsiderablo maintenanoe ; No. 3 has 
been quite successful. The results indicate that the amount of fine 
material was insufficient in No. 1, although for the oompoaition the 
particles were well ooated with bitumen; the quantity of bitumen 
was not sufficient to make up for the defioienoy in fine material. In 
No. 2 the fine material was more in evidence, but the shortage of 
bitumen undoubtedly caused its non-success. No, 3 is more plentifully 
supplied both with filler and bitumen, and hence its suoooss. 

The difficulties that the road, engineer has to contend against in form- 
ing a properly graded pavement are more easily understood when one 
considers how those gradings are to be obtained. In the example of the 
ohnker that is ground from large material, the analysis of which is 
given on page 196, there is to hand quite a good mineral aggregate which 
obviously can bo ground to the required mesh sizes. But a sand that is 



METHODS OF USING TAR AND BITUMEN. 


201 


locally obtainable may have a very inferior grading, and only by careful 
mixing of vanouB sands, that may be found in or near the district, can 
the satisfactory grading be secured. Doubtless in the examples given 
above the variation of the grading is wholly due to the quality of sand 
available in the districts where the pavement was laid. 

A good grading has been obtained from gramte dust as it comes from 
the screens at the quarries, a fine local sand and a proportion of cement. 
Taking the cement as wholly of 200-meBh material — 


Pine Sand. 


Gramte Dust. 


Passing 100 mesh 

4 per oent. 

Passing 100 mesh . 

6 per oent 

>> 60 „ 

. '12 „ 


60 „ . 

12 „ 

on 60 „ 

04 

99 

20 „ . 

27 



99 

10 „ . 

29 



on 

10 „ . 

27 „ 


100 



100 

Flue dust gives the following analyses ; — 



Passing 200 mesh 


48'16 per oent. 


lOO „ 

. 

20-87 „ 


>9 

80 „ 


1147 „ 


9 ) 

60 „ 


4-16 „ 


99 

30 „ 


10-86 „ 


99 

20 „ 


1-23 „ 


99 

10 


2-07 



M9 


100-00 

The following samples of sands were subnaitted to the writer, and the 
following are the gradings 



No. 1. 

No. 2, 

No. 3. 

No. 4. 

Passing 200 mesh 

06 

1-41 

1-27 

•57 

.. 100 .. 

. 14-6 

10 76 

-80 

1-00 

50 

. 76-4 

66-77 

16-34 

61 60 

„ 20 „ 

9-6 

31-07 

66-60 

26 10 

.. 10 

. 


16 09 

11-83 


100 00 

100-00 

100-00 

100-00 
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The recommendation was 66 per cent, of No. 1 and 34 per cent, of 
No. 3, which would give — 



Passing 200 mesh 

0-78 per cent 

o 

o 

9*92 „ 

BO „ 

. 66-91 „ 

11 20 ,, 

22-90 „ 

10 „ 

. 6-49 „ 


100-00 


o ? 
(0 S 


Selection ol Sands. — ^The selection of the right land of 
sand and its grading is of great importance, and requires 
very careful examination and continual analysis, as it may 
easily vary when obtained from the same source. 

The above tests give the satisfaction that one can 
obtain by calculation without exantiination, but a good 
asphalt can be more satisfactonly judged by the appear- 
^ anoe of the composition to those skilled in its exanodnation. 

But what is of considerable importance as an aid to this 
^ physical examination is the “ pat-paper ” test 

Pat-Paper Test.—This consists of taking a large piece 
of paper and laying it on a flat surface, then a quantity 
of the hot mixture is taken from the mixer and placed in 
the centre of the paper. One edge of the paper is drawn 
over to meet the opposite edge, thus enclosing a quantity 
of the mixed material. This enclosed material is then 
pressed to obtain a flat surface ; the paper is turned back 
and the bituminous material removed ; the paper is stained 
by the hot bitumen, and the density of this stain gives 
the observer the information as to whether the quantity 
of bitumen is short or in excess of the desired amount. 
Plate I shows a mixture short of bitumen. 

„ II. „ „ with the requisite quantity 

of bitumen. 

„ III. „ „ with an excess of bitumen. 

Laboratory. — The engineer who has charge of the con- 
struction of roads will find that it is necessary to have a 
laboratory for making analyses and tests of road materials. 
The apparatus that is required is not of a Very expensive 
character, but should be the best of their respective kinds. 
^ The following are necessary: — Penetrometer, ohemioal 

balance, bunsen burner, specific-gravity measures, scales, oven, crucibles, 
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Plate IL 





Plate IIL 
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flasks, retorts, etc., a supply of water and gas, a stink cupboardj 
tables, and desks. 

Suitable instruments suoli as tbermometers, eto., can be obtained 
from The Hutohinson Testing Apparatus, Ltd., 11 Tothill Street, West- 
minster, which firm has made a speciality of this class of work for road 
purposes. 

The typo of thermometer for testing the temperature of tar or bitumen 
in tanks is shown in fig. 34. 




Fia. 36 — ^Thermometer fixed on a Fia. 36. 

tar boiler. 

Figs. 35 and 36 show a thermometer to bo attached to a tar boiler. 

Fig. 37 shows the type of specific- gravity gauge. 

Fig. 38 is a viscosity and consistency gauge. A standard viscosi- 
meter will show whether a sample of tar is of the No. 1 or No. 2 grade 
of the Engineering Standards Committee, or whether a consignment 
differs fundamentally from an approved sample. 

Fig. 39 shows a flash-point tester. 

The hydrometer and temperature corrector illustrated in fig. 37 
comply with the Boad Board’s definition of the apparatus for the 
proposed test. They are supplied together in a oompaot wood case, 
with a metal container and stirrer. 
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The utility of this machine is not confined to ascertaining the exact 
temperature at wliioh the material under test becomes inflammable, 
and therefore dangerous, it also serves to distinguish crude substances 
from refined products ; with regard to the latter, it indicates the point 
to which distillation, or " cutting back with light oil, has been carried. 

9 

A 

I 


-I 



Fia. 40. 


li thermometftT ; inuterlal under test ; ft, mloa window ; 4, door; 5, removable pan ; 

0, Iron stand . 7, luminous burner; 8, quadrant tap ; 6, mould for haU-lnoli cubes ; 

10, volatilisation dlali and stand. 

This test also affords a very handy and simple method of ascertaining 
whether it is safe to heat the material before use. 

The instrument can also be used to ascertain if water is present in 
any tar, asphalt, or oil. 

Fig. 40 shows the type of apparatus for determining the melting- 
point of tar, asphalt, and oil, and can be used for the volatilisation 
test. 
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2<lti 



IT - «ppn6r mni.T app«rstui9 ftw use witli road tars, asphalts, and oils. 

>F« J (trantj fajdronwtere, compnwng four instruments, maiked at 

.r.vennp a range from I 000 to 1-300 These instruments are 
^orr pi^i Efct ^ fjnushed (m the case) with a amaU trial mstrumeat 
. indicates the hydrometer to be used, also with 

ImsBrt. r I ahi^uheit ) graduated from 60= to 100= for use in the teats 
,- ■* ‘^'homrter ,wi,h stirrer), to contain the hquid to be tested, accom- 

t-. “«*'**" graduated from 0 700 
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in. S[K«‘illi'-ju{nivity hyilrniimtiM’ (half imLiml rti/.o). 



Fw. 44.— Hpuuilk’-gmvity IjakiU’o ft)r hIuim», (Wiilkar pniii'iplo,) 


A kiKiwioclHO of till! HjMH'iliu gravity cif rowl Htoiio ih luuu'HHai'y tn (ho Jiighway 
oiigiiiaor, jKil only fttr tho pnrpuHo of autliuating (lio vuluo of tho nialiTinl us luimMl on 
that important ])ropQrty, but also to dotonniiiu tlio art^i that oau bu covcivd by a 
given weight of stimo anti tho amount of bltuminouH bindt^r I’oquiiHul for aggritgalo, 



Fia. 45. — BraflH inonUl fon halfduch cmiaw. 



Fig, 46.— Mould for a duotiLity tost, m originated by John A. Urodle, Esq., 
M.Injit.C.E.| City Engineer of Liverpool. 

A, top part of aluiolnlimi mould, with buU for aitopeualon ; Ji, bottom part of mould ol a predalormluoil 
welijht} 0, bnuM frainei D, bottom plate; ]l,e(tfew to enable mould to bo removed from framu. 

A glaea jar of suitable dimensions for this Important lest acoompanioN thn mould. 


2o8 modben road oonstetjotion. 

Plow Test. TliiH Ih unuHu'r iiKithod i)( toflUng tlm coiisisteiiGy. A 
cylimlcv of hil.uint'ii is miuli' from a liniss mould J hioh long | inch 
.liaiiii‘I.T on II corniiiiifoa tr.iv witli luiihilatimiH ciiiuil to tlio diameter 
of till* ii\Iin<liT. 'I'liis tray is set at an anuli* of in", and it is gradually 
to a ti*iii|ii*iaturi' at wliioli the l»itunn*n will flow. 

'I'lii* i-omparisoii of tin* Inrigtli of tin* flow witli a standard will indi- 
oiiti* tin* i.*lii(iv<‘ c•lUl.sin(l•nt■y of lln* sampli* with that of the standard. 

Penetrometer. 1 h<* imnetronn'ler is requin*!! to detemiino the onn- 
sisti'iiev of tin* hitiinion or tar that is to he used in the inixtureH. Tliero 
art* Hnv«*riil maehines on tin* market, and the meanuro of the ponotra- 




b'lij. t7. ANphall or ]iitoU-A(»w plaloH and mouldn: i’rofuiMov Clifford 
UiohanlHuii'M ffow tojsU 

[01 liulilliitf Hill rtiilir. Iiiiuilil toitullmr ; M, iiillt mouUl; U, Unuu [ilule wltU cnrruguUouu 
III mIici U) Uml of lUa laouIdeU nyllnder, 

'Pivn rt iMirru[J!aliiin plaU'M auii min nicmiil, c»r tlinin 4-t3orrngation platca and ono 

nionldi nnnHtitnU' a Hnl. 

lion i>f 11 N»». 2 namlirin lu’ndlii wnighU'd with lOO grma. at 77® F. in 
oiiM HiMiuud Im ill lituidmdt.lm of a unntiinotru, 

A HJiMi])!*' of Iiiiuiuon fluxi'd roady for usl* U taken from the tank 
uutl |tliinocl ill II Hiniill tin about 3 inoh diaiiiotor and ) inoh deep. The 
Hurfiun^ of tho t.ar or bituiuon Hhould give a jierfeotly amooth, glossy, and 
1‘VoJi Hiirfiuitt ; thoro Hhould hn no air bubbles or oily appearance, which 
would indiiniU^ ilu‘ proHenoe of nmiature or an imperfect mixture. 

Till* till and ountentK urn then placed in water, which is brought to a 
tiMiiimml uro of 77® K.; and when it has been left in the water for a time 
Huflioiiuil in allow tlio whole of the contenta to be brought to that 
toMipi'mtitri’, it Ih placnd uiulor tlm needle ao that the point is practically 
on till* Hurfuno of thi‘ hituiimn ; the needle ia then released for the period 
of one rteoond, ami the tlifFort‘[u:c between the first and aeoond poaitions 
of thi^ finger on the dial will givo the penetration at that tomperature, 
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Analysis of a Paving Mixture.- A sample of the asphalt is taken from 
the surfaoo of tho road and marked with the date, a number, and tlic 
place from which it was taken ; tho number should bn a duplicato of 
a page number in a reference book, (m which page is fully duscribetL 
tho analysis and nommonts. Each suniple should have its place m a 
cupboard and bo kept for futurt* reference. 



Fw. 47 a* — I’ ouotromottir. 


A small piooo Ih I'lit (»JI tho samplo timl weighed in air and iji watur : 


W('ight in air 
loHs of wt'ight in water 


=s-H]ii*oific gravity. 


A seoond aamplo ia taken weighing exactly 10 grme, TIuh Hhonld 
bo broken up into fragments and placed on a filter paper in a 
funnel which dibchargoH into a flat-bottomod assay flask. A quantity 
of carbon disulphide is poured gradually on to the sample, and the 
bitumen is thereby solved out of the mixture. This prooesu takes 
several hours, The solution of bitumen in the assay flask (after standing, 
so that all tho sediment has settled) is then oarefully deoanted. 

U 
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Some fresh oarboD disulpbide is poured on to the sediment left in the 
flask, the contents poured on to the filter and the flask thoroughly 
cleaned free from all sediment, which is added to the mineral sediment 
already mentioned, and this is washed clean with the carbon di- 
sulphide 

The solution of bitumen is poured into a dish and igmted, and the 
lemflinder is added to the mineral matter. 

The mineral matter, after the carbon disulphide has completely 
evaporated, is removed from the filter paper, scraping it in order to 
remove the fine matenal, but being careful not to remove the paper 
itself The paper is also ignited and the ash added to the mineral 
matter. The total weight of the mineral matter and fine ash is then 
taken, and the difference between the weight so obtained and 10 grms. 
gives the weight of bitumen in the sample. 

The whole of this mineral matter is then placed on a 200-meBh 
sieve, and as much of the finer matenal is caked together, this is care- 
fully broken up between the fingers and pressed through the sieve. 
When it is evident that there is no more that will pass this mesh, it is 
removed from the container underneath and weighed on the chemical 
balance. 

Similarly the 100, 80, 60, 40, 30, 20, and 10 meshes are dealt with and 
the results tabulated. 



Weight. 

Per cent. 

Bitumen 

Passing 200 mesh . 



» 100 „ . 



„ 80 „ . 



„ 60 „ . 


- 

» 40 „ . 



,, 30 1, , 



» 20 „ . 



» 10 „ . 



on 10 „ . 

. . . 



10 grms. 100 per cent. 


It is interesting to keep a record of the density or voids in a structure. 
In order to obtain the density and voids, it is neoessary to know the 
specific gravities of the composite minerals used in the mixture. 

Sand has usually a specific gi'avity of 2-66, but this should be tested. 
If cement is used as the filler the specific gravity is about 3. 

The bitumen that is used in the mixture will vary, but it has usually 
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a speoifio gravity of 1'06. A bitumen sucb as that from Tnnidad Lake 
in the epurS form has a speoifio gravity of 1-40, but it is used only in a 
mixture when it has been fluxed with a petroleum flux which may have 
a speoifio gravity of about 0 96, and the amount of flux used will lower 
the speoifio gravity to about 1 26. Even with this fluxed bitumen 
there is an amount of mineral matter which, if removed, would bring 
the specific gravity down to that mentioned, viz. 1*06. 


Assume that a mixture was 

made up as 

follows : — 


For cent. 

Sp.gr. 

Volnm«. 

Per cent. 

20 Granite dust 

2-82 

= 7-1 

= 16-14 

. 66 Sand 

2*66 

= 20-76 

= 47-16 

8 Cement 

3*00 

= 2-66 

= 6-04 

17 Trinidad bitumen epwrS 1*26 

= 13 60 

= 30-67 

100 


44-01 

100-00 


The average density should therefore be : — 


16-14 

at 

2-82 

= -46 

47-16 

» 

2-66 

= 1-26 

6-04 


3-00 

= -18 

30-67 

91 

1-26 

= -39 




2-27 


The speoifio gravity of the mixture, as taken from the test of the sample 
of pavement, was shown to bo 2-23 Therefore the percentage of voids 
was just about 4 per oent. 

If the specific gravity is required of any material composed of fine 
material, it is perhaps better that it should bo determined by an analyst, 
as it is difficult to weigh the dust in water. It is usually done in a spirit 
such as alcohol or petrol, and the expert analyst is more accustomed 
to perform this tost than one who has to make the test at very infrequent 
intervals. 

Similarly, in regard to the chemical tests of bitumen, the tests for 
malthenes, oarbenos, etc., should be earned out by an analyst. The 
description of the method is indicated briefly. 

Loss on Heating. — A glass dish inches diameter and 2 inches deep 
is filled with 20 grms. of the bitumen to be tested. The receptacle 
and its contents are then placed in an oven, the temperature of the 
oven being brought to 326® F. and kept at that figure for seven hours. 
The difference between the original weight and the weight at the end of 
seven hours is the loss during that time. 
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A diSerent sample is taken if the test is to be at a temperature of 
400° F. 

The Amount of Bitumen soluble In Carbon Disulphide.— One grm. of 
the bitumen (refined) is placed in a flask and covered with a plentiful 
supply of carbon disulphide (100 c.o.) : it is allowed to stand overnight. 
The solution is then decanted on to a filter (already weighed), the 
mineral matter that has subsided being left with as little disturbanoe 
as possible in the flask. This is further treated with carbon disulphide 
and again allowed to subside. The process is repeated, but the whole 
of the subsided matter is now poured on to the filter. The filter is 
washed with carbon disulphide until the mineral matter is perfectly 
clean, then the carbon disulphide is allowed to evaporate completely, 
and when thoroughly dry the filtrate is weighed and the allowance 
made for the weight of the filter. 

The disulphide which has passed the filter is allowed to stand for 
twenty-four hours and then decanted into a crucible. If there is any 
matter which has further subsided, this is washed and added to tho 
filtered material. 

The decanted solution is burned, and the remainder is mineral matter 
which is also weighed. The total of all these weights of mineral matter 
is deducted from the onginal weight of 1 grm., and the result is tho 
amount of bitumen soluble in carbon disulphide. 

Bitumen soluble in Naphtha.— ISTaphtha 88° and 62° Beaum^ is used. 
The bitumen must be powdered, or if soft out into a finely divided state. 

Practically the same method is employed in making the test as is 
the case in the solving out with carbon disulphide. 

The bitumen soluble in naphtha is teehmoally called ‘‘ malthenes.” 

The 88 naphtha solution is made up to 100 c.o , and an e^ual 
volume of naphtha 88° is placed in a second flask. They are both treated 
with 30 0 . 0 . of HgSO^, specific gravity 1-84. The naphtha solution and 
the naphtha are washed with water and with a 6 per cent, carbonate of 
soda solution and a subsequent washing with water. They are then 
poured mto two dishes. In the plain naphtha is dissolved 60 gims. of 
a stable petroleum residuum. The naphtha is evaporated untU the 
plain naphtha has its residue at its original weight. It is then assumed 
that the imphtha is entirely evaporated from each. 

The difference gives the amount of the solution which is solved by 
sulphuric acid. ^ 

E.g. a the bitumen is soluble in 88“ naphtha to the extent of 36 per 
oent., and the amount of bitumen soluble m CS,=66-6, 

36X100 

™ 66'6 cent, soluble of the total bitumen. 
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If 60 per cent, is the amount of the soluble bitumen removed by 
sulphuric acid, then the saturated hydrocarbons in per cent, of total 
bitumen 

63*7X60 

= 63*7— =26*48 per cent. 

bitumen soluble in carbon tetrachloride. 

The process is precisely the same as for the bitumen soluble in carbon 
disulphide. 

More elaborated details of the analyses will be found in Mr ClifEord 
Eachardson*a Mod&m Asphalt Pavements, and Mr Prevoat Hubbard’s 
Lahoratofy Manual of Bituminous Materials, 

CEMENT CONCEETE EOADS. 

One of the first questions the road engineer asks himself when con- 
fronted by the difficulties experienced in finding a suitable road struc- 
ture to satisfy the requirements of present-day traffic is — Why will not 
a Portland cement concrete surface be the solution of my difficulties ? 
It has been used m many towns as a pavement for footpaths, it has 
also been used in streets with very light traffic, it is used as a foundation 
for wood paving but is kept at a distance of 4 inches at least from the 
actual wearing surface ; it is similarly used for the foundation for natural 
rook asphalt, and is within 2 inches from the surface. But in scarcely 
any case under heavy traffic conditions has a cement concrete been used 
as the surfacing material. 

Concrete Roads In U.S.A. — Eecently this form of surfacing has been 
brought into prominence by the work that has been done in the U.S.A. 
Photographs of roads that have been constructed with this material 
are given, but in each case that the writer has seen the road is abso- 
lutely free from traffic. A more convincing view of a road so surfaced 
would have been a photograph showing the road with a largo number 
of vehicles travelling in the ordinary way of business over the surface ; 
one is therefore inclined to be sceptical of its value, and when one of the 
engineer writers makes the statement that the roads so constructed are 
not very successful, such testimony is more apt to be accepted as genuine 
than that of the many who voice its success, especially so if the antici- 
pation of failure is the outcome of a close examination of the probable 
efieots of traffic on such a material. The success of a pavement largely 
depends on the point of view ; e.g. if an inferior road structure has been 
expensive to maintain and another less inferior structure is substituted, 
then the latter, being less costly to maintain, is obviously a success in 
comparison "with the inferior struotuxe. But both of these pavements 
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may be outclassed by structures wbiob withstand this and a still 
greater intensity of trafi&o at much less cost, hence the success is merely 
based on figures which are far from ideal. 

Difficulty to be overcome. — Cement concrete laid in situ has one par- 
ticular characteristic which makes it a difficulty which is practically 
insuperable in a road-surface structure : it is in the length of time the 
concrete takes to “ set/’ It is not unreasonable to say that cement 
concrete should not be used under three months after it is laid. 

Cement concrete improperly set will wear almost as badly and as 
rapidly as water-bound macadam ; the wear would be wholly due to the 
e:Sects of surface friction 

Non-resUient Structure. — Cement concrete is a non-resilient struc- 
ture, and therefore as soon as the traffic comes upon it, it must commence 
to wear. The wear may take the form of reducing the size of the 
particles forming the concrete while remaining in the pavement, or 
the particles may be removed bodily from the structure ; and in those 
cases which have come before the notice of the writer, the latter seems 
to be the result rather than the former, hence the wear is more rapid 
than would be the case with asphalt or a bituminous concrete. 

Asphalt pavements bemg composed of similar material, except that 
bitumen takes the place of cement as the binding agent, are resilient 
structures, and traffic resistance is less destructive to this class of pave- 
ment on that account. It is exhausted by compression and wear, but 
the part that is worn is returned to the pavement, because the bitumen 
in the structure is capable of reabsorbing this finely divided material. 
This will go on for some considerable time, until the bitumen becomes 
incapable of receiving the worn material, and it becomes a dust which 
is eventually removed or blown away, thua exposing another layer 
which is capable of repeating the action Hence the wear of an asphalt 
pavement is very slow and much less costly than a cement oonorete 
pavement. 

The writer has had examples of asphalt pavements which have taken 
neariy twenty years to wear down to about | and i thick (from 
2 inches and 1 J inches as originally laid) before distinct disintegration 
takes place. Cement oonorete has neither ductile nor any adhesive 
q^ualities about its structure ; its wear must under severe traffic con- 
ditions presumably be heavy in comparison, and there are almost in- 
variably weak areas which will give way more rapidly still, due to the 
human element in the mixing and laying. 

of Concrete. — These areas will require repair, and it is well 
known how difficult it is to repair an in situ concrete pavement and at 
the same tpae make a satisfactory job of it, especially so when it re- 



METHODS OE XTSINO TAB AND BITTJMBN. 215 

quires such a long time before the material is properly set/’ Repairs 
on a road with heavy traffic should be capable of repair on one day, and 
on the next should be open to traffic. This is practically impossible in a 
concrete road. Hence the concrete, when it has to be repaired, becomes 
a nuisance. The writer had to abandon, in the case of an area laid with 
concrete, the use of cement concrete, and eventually had to fill the 
hollows up with a bituminous concrete which was quite satisfactory 
so far as the traffic was concerned, but was an eyesore in the concrete 
surface. 

For lightly trafficked roads cement concrete might be used with 
advantage, because a sufficient length of time could be given for the 
concrete to set, and even in moderately trafficked roads it might be 
used and prove cheaper than ordinary water-bound macadam ; but in 
this case the concrete ought to be watched carefully, and when it is 
worn to a certain thickness it should be coated over with a bituminous 
wearing surface. 

Wearing Surface at End of Life of Concrete. — Cement concrete — 
when bitumen is unavailable in sufficient quantity — may be used as a 
base for a bituminous wearing surface coat. But where bitumen can 
be obtained at reasonable rates, it is far preferable to use the bituminous 
concrete as a base for the coat, because the coat has an affinity with the 
base and would adhere more satisfactorily to such a structure than to a 
cement concrete base. It has been suggested that the concrete might 
be used as a base for a bituminous film i to inch thick, but it is 
extremely difficult to lay such a substance on the concrete, and after a 
time it can easily be peded offi. 

In a case of repaving a wood-paved area on the old oonorete, the 
blocks were not available for the repavement, and m order that the 
heavy and continuous traffic should not he deprived of the road, it was 
allowed over the old concrete surface. Wear was soon in evidence, and 
it was fortunate that the difficulty of the supply of the blocks was over- 
come, otherwise the road would have had to be dealt with in some other 
manner. 

The cement oonorete road must not be put on one side as an im- 
possibility, by any means. In the U.8.A. many miles of roads have 
been laid with satisfactory results. The concrete is laid in 26-feet 
sections j each section is divided from its neighbour by an expansion 
joint f inch wide, which is filled with asphalt, thus allowing for expansion 
and contraction of the oonorete. The concrete consists of 3 parts of 
stone, parts of sand to 1 part of cement. Concrete mixers are used, 
and the oonorete deposited meohanioally ; a special machine is used 
for forming and finishing ofi the surface. The concrete is covered with 
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cartli, which is kept in a moiflt state for from four to six weeks. The 
cost of the concrete roads in U.S.A. runs out at about £3000 per mile, 
the width being 18 feet. 

During the war concrete roads have been made by the War Of&ce, 
Admiralty, etc. One road is spoken of highly by the superintendent 
engineer, but the photograph accompanying it does not indicate that 
it is heavily trafficked. 

At Southampton a road was laid at the docks. The substructure 
was good, and the concrete was laid above the old macadam that formed 
the road previously. The concrete was laid 6 inches thick, the lower 
4 inches being in the proportion of 6 to 1, the upper 2 inches being 3 to 1. 
Sea gravel passing a f-inch mesh was used. The lower concrete was 
reinforced by the British Reinforcement Concrete Company’s material. A 
length of 12 to 16 feet was laid each day. Each length was covered over 
with tarpaulins, the process being to omit a length -and fiUup the inter- 
vemng length a week afterwards. No expansion joint was provided. 
The work occupied five weeks, and the traffic was turned on to it five 
weeks later. The surface was coated later with hot tar and dusted 
with coarse sand. This was in November 1917, and it therefore is not 
yet proved as to its capacity. 

Concrete Brick Pavement. — What seems to be a better policy from 
many points of view is to make concrete bncks and pave the road as is 
done with setts, but with a fine joint, as is the case in wood-hlook paving. 
The repair difficulty is removed, the setting of the concrete is not a 
hindrance to the use of the road, and the bricks are more likely to be 
uniform in structure than an in situ pavement, however carefully it 
may be laid. 

The crushed clinker from the plant mentioned on page 196 was used 
in the manufacture of paving slabs in the proportion of 3 of crushed 
clinker to 1 of Portland cement. The slabs were well matured even 
before using them in footpaths : they were 2 feet x 2 feet and 3 feet x 2 
feet. The smaller-sized slabs were used in an experimental area of road. 
Considerable care was exercised in laying them to secure a solid base, 
but after a few days’ traffic upon them they cracked and eventually 
had to be removed ; it was evident that the care in laying them had 
not been sufficient to prevent hollows from being formed under the 
slabs. 

The plant was also erected for the purpose of making bricks, and a 
few hundred thousand were made with the crushed clinker and Port- 
land cement in the proportion of 16 to 1 and 9 to 1. The bricks were 
s^^sa^^ntly tested for crushing, with the following results, in respect 
the 15 to 1 composition ; — 
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Tons per aq. it. 

Age 6 weeks 6 days 216*6 

,, 7 „ 5 „ . . 206*6 

» 9 „ 6 „ . . . 212*7 

„ 11 „ 6 „ . , 249*3 

„ 13 „ 6 „ . . 281*9 

16 „ 6 » . . . 274.7 

These tests show that at a stage of about six weeks they can resist a 
severe orushing strain, but that for a month after the resistance to crush- 
ing IS backward, then it increases rapidly up to the fourteenth week, 
when it remains more or less stationary. 

The writer has seen a similar forward, backward, and subsequently 
forward movement in other tests ; they indicate that the concrete does 
not reach its full maturity before the thirteenth week. Whatever 
results may have been secured in those areas where the trafSio was only 
kept ofE the concrete for six weeks, it is evident that even better results 
would be attained by the longer period. 

The bricks were subsequently used in building work, but so dense 
were they that there was a certain amount of dissatisfaction to the 
bricklayers not only on account of their weight, but in the difficulty 
experienced in cutting them for closers, etc. 

Cost of Bricks. — The cost (pre-war) of these bricks was about 21 b. per 
1000, and as about 46 would be used in covering a superficial yard, the 
cost of the bricks alone would amount to about Is. per superficial yard, to 
which would have to be added the labour in laying a suitable foundation. 

No tests have yet been made with these bricks on a road, but there 
is no doubt that experimental sections wiU be laid down to tost their 
value ; because, even if the oost was increased, by reason of the apprecia- 
tion in all values, to 2b. per superficial yard, there would be an advan- 
tage to local authorities, as it would not only provide a means of disposing 
of the clinker refuse, but it would also give a very good surface, far 
cheaper than macadam and more satisfactory as regards maintenance. 
Whether they would serve for heavy traffic is a matter that must be 
proved. ^ 
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ROLLERS AND ROLLING: 

In evoiy prooPHH of macadam and asphalt oonatruotion some method 
of consolidation is ncooBBary before it can be claimed that a toad has 
a good Hurfaoo. 

Rollers.— In the past, tlio macadam was evenly spread over the 
Hurfaoe of tho road, the mud that had been proviously swept from the 
old road bt'ing thrown over the loose stone as a binder, and in order to 
oonsolldatc the two, various ubstruotions wore so placed that tho traffic 
took a winding oourse , and the stone thus settled into its position. When- 
ever any area beoome fairly consolidated, tho obatruotions were moved 
to a new place, and eventually by these crude methods the whole snifaoe 
became more or less <wcn. It was slow, unsatisfactory, and most 
inconvenient to tralliH, and, as a result, tho horse-roller came into cjdst- 
enoe ; similarly, this had to give place to the steam-driven roller, which 
proved oapahlo of securing tho oven surface quickly, effectively, and 
eoonomioally. The rollers were at first about 6 or 8 tons, then heavier 
rollers up to 1 15 tons were oonstruotod, and it was only due to the damage 
caused to the gas and water mains, and the diffioulty of getting them 
safely over bridges and oulvorts, that tho weight of the average eteam- 
roller was bmuglit down to 10 tons, and it is this type of roller that is 
generally satisfactory in the work it is expooted to perform, i.e. in oon- 
BoUdating the ortlinary water- bound maosdam road. 

For tar macadam, however, it it found that tho 6- or 8-ton roller is 
moro satisfactory, the heavier Hdiers being found to squeeas and push 
the material out of place, and so making it extremely difficult to obtain 
a good and even surface. 

It has already been i>ointed out that the steam-roller that is in 
general use for water-bound macadam oroshss the stone or &o ebiedes 
it that a powder is formed, and the binding between the stone that 
is leouited is thus obtained. In any other form of oonstruotion the 

^ «1ft 
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rollor is uot reqiiirod to crush the stone and form a binding material, 
the binding agent being supplied in the form of tar, bitumen, or other 
material. Consequently, the 10-ton or 12-ton roller is too heavy for 
Hiioh methods of oonstruotion, because if the stone is broken or crushed, 
HurfaooR are exposed which are not ooated with the binding agent. In 
(U)ld mixtures, Le, tarred macadam, ohippings, etc., the stone would 
not as a general rule be broken, but individual pieces would more prob- 
ably slide over each other, and in this process bo deprived of the bind- 
ing agent. On the other liand, if the stone was not crushed or did not 
slido under the roller, tliere would be considerable oompression ; con- 
aoqueiitly, tliert^ would bo a dooroaso in the air spaces or voids, and the 
construction is brought nean‘.r to tlio period when the ravelling of the 
material eommenees, i.c. when tlie total compression is reached. In 
other words, the heavier the rollor and tlio more the surface is rolled, 
the shorter ^^ill bo the life of the* road. 

It nuist not be forgotten that it is useless to considor the weight 
of the rollor witliout taldiig into eousidoration the width and diameter 
of the whools. 

The proj)ortion of weight on the front and back wheels varies from 
1 to 3-1 to 2, i.e, a 12-ton rollor may have 3 tons on the front wheels 
and 0 tons on the back ; in other cases it is 4 tons on the front wheels 
and 8 tons on the back. The front wheels or rolls are usually 4 feet 
wide, while the back wheels are from 16 to 16 inches wide (total, 2 feet 
6 inohoB to 2 feet 8 inohea) ; thus the weight on the front rolls is from 
I to 1 ton per foot of width, and on the back from about 3 to 3J tons 
per foot of width. Similarly, the 10-ton roller gives about the same 
proportion, for the reason that tlu^ rolls are slightly reduced in width. 
The 6-ton roller is al)OUt J ton per foot on the front rolls, and If to 2 tons 
on the back rolls (fig. 47n). 

The front wbiuds liave a lighter weight p(ir foot in order to facilitate 
steering, but the increased weight on the back wheels is due in large 
dogreo to the fact that the boiler is usually of the horizontal type. In 
Amcrioa, rollers have been made with the front and back wheels of the 
same diameter and width, and a vortical boiler has been placed between 
the two wheels, thus enabling the weight to bo more easily and equably 
distributed, so that a 10-ton roller gives a presaure of about J ton per 
foot of width of roll on the front and tons on the back rolls. This 
type of roller is found to give the correct and requisite oompression 
to asphaltio mixturCB, The tandem roller is undoubtedly the best 
typo for the prooesses, which inolude a liquid or semi-liquid as the bind- 
ing agent. 

In order that a road may resist satisfactorily any extraneous force 
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whioh may come on to its surface, the amount of rolling that is necessary 
to give an even and regular surface and to ensure the particles oompos- 
ing the mass being in sufficient contact only should be given. By this 
method the material is allowed to exercise its functions, i,e, the resiliency 
of the composition and the ductility of the binding agent. If, on the 
other hand, it is so rolled until the full compression is taken up, the 
composition becomes non-resilient, the binding agent is not allowed an 
opportunity to exercise its ductile qualities, and the material as a whole 
is not probably as good as a cement concrete 

In asphalt pavements it wiU have been noticed that the powder is 
laid in a hot condition ; it is compressed with hot irons ; the pressure 
that IS exerted by these irons is not more than J to J ton per square foot, 
and this pressure is all that is necessary for the consolidation of this 
material. 


In order to prove conclusively that the heavy pressure of a steam- 
roller would give full compression, samples of sand and ohippings were 
heated and dried and each fiUed into a box, the volume of which was 
exactly 1 cubic foot. The weight of the sand when compressed dry was 
101'76 lbs., and the air spaces found to be 38*6 per cent. The f-inch 
granite ohippings when compressed dry were 102*26 lbs., and the voids 
4:2 per cent. 

The ohippings were removed from the box and then gradually poured 
into the box together with the sand, in order that the latter should fill 
the air spaces of the former. This resulted in the cubic-foot box con- 
taining 94: lbs. of ohippings and 48 lbs. of sand, i.e. the total weight in 
the box was 142 lbs., and the voids were now reduced to 18 per cent. 
16^ lbs. of bitumen will take up a space of 18 per cent, of a cubic foot. 
The 94 lbs. of ohippings, 48 lbs of sand, and 16^ lbi4. of bitumen were 
all thoroughly mixed together, and in their hot condition the mixture, 
by means of forcible tamping — i,e. a 26-lh. rammer raised about 12 inches 
high and dropped on t8 the composition as it was placed in the box — 
completely filled the box. The pressure exerted would not exceed 1 ton 
per square foot. 

It is evident, therefore, that m any hot process or with the binding 
agent in a somewhat liquid condition, the pressure brought on to the 
surface should not exceed about f ton per square foot, and the binding 
agent should be just on the point of setting. 

It has been suggested that rolling is the cause of the waviness of 
the surface of the bituminous mixtures. The writer does not incline to 


this theory. There are many tar macadams which are not wavy and 
' which Itava been rolled; similariy asphalt pavements are “wavy,*' 
but “ tamped." The waviness is more likely 
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to bo caused by the traffic and the atmospheric heat, which is severe 
on tho surface and lessons with the -depth of the material ; the top 
layer, being more siisooptible to movement, is pushed forward by the 
traffic, 

But the action of the roller in })reBBing tho material forward or back- 
ward aa the roller moves in these directions is not wholly desirable. 
It is preferable that when the material is placed in position, it should 



if 


Fig. 48. — Crompton's three-axle roller. 

not be disturbed more than ie absolutely necessary to ffx it there, This 
would probably be more efficiently performed by a vertical blow, which 
type of pressure would tend to keep tho stone vertical, whereas the rolling 
motion tends to bring the flat sides of the stone to tho surface. 

But a tamping machine which would cover large areas quickly has 
not yet become a commercial possibility, and it is open to question 
whether the class of rolling suggested above will not surmount the 
difficulty in a satisfactory manner. 

It would seem a desirable condition that in a road surface constructed 
with a theoretically voidless composition, the composition should 
so rolled that there will be at least 10 per cent, voids, and if the material 
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will not break away, as much as 16 per cent, when it is newly laid. There 
are, however, some compositions, such as the tar macadams and ohippinga 
made of the same sized stone, when total compression is obtained with 
30 per cent, voids in the mass In this material the voids should there- 
fore he about 45 per cent, when it is newly laid. This line of argument 
fails when applied to a material that sets hard and is not hkely to be 
broken by succeeding traffic. 

From the above considerations there is evidently room for a new 
dengn of roller to meet these reqmrements ; that is to say, one that 
will weigh about 6 tons and be not more than IJ ton per lineal foot 
width of roller. Both petrol- and steam-driven rollers are applicable, 
but if the steam-driven vehicle can conform to the weight standard, 
it will probably prove more satisfactory for road work owing to its 
flexibility. 



Ttaee-Axle Roller. — Colonel Crompton, C.B , has designed and oou- 
atnieted wh»t he terma a three-ajde roller. He says that, in order to 
obtain a perfect levelling action of the rolled surface, the weight taken 
by the three ndlera must constantly vary so that it can exert maxiinum 
pieaanre on the high places and a minimnm pressure on the low ones. 
At the aame time there must never he less than STifdoient weight on 
ttao^ driving roller to enable it to have the required driving 


In bia raOer these conditions are met by mounting the centre roUer 
m such a way that it can faU below but cannot rise above 
. “d rear rollers The action of the 

la tten as i^wn in the diagrams. In fig. 49 the front roUer is 
^ of a wave or high place, the centre roHer having 

I ZliTT ^ “ i^<iicated by the dotted lines! 

ato pa^ over the same summit as shown, it takes 

iHnSr^S!.^ 7* to reduce its 

« «a «a.te wDer waa not provided with springs as described, 
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the rear roller would tend to leave a depreBsion when in the position 
shown in this figure. Fig. 49 shows the action of the machine when 
rolling freshly laid material. 



It will be seen that the rolling surfaces of the rollers are not quite 
in the same plane, but that the centre one is then slightly below the level 
of the other two. This gives a very light pressure during the first time 
of rolling, which gradually increases each time the roller comes back 


Fan <!ND raoiatob 
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on to the cooler and harder material already rolled. This is due to 
the fact that as the road surface heoomes less yielding the weight 
becomes more concentrated on the central roller, giving the much 
desired effect, just as if a hght roUer was first employed followed by a 
heavier one, but the change from hght to heavy being more gradual. 
The difference in the level of the rollers is adjustable by arrangements 
on the front steering head, and extends over a range so sufficient that, 
if necessary, the rear roller can be permanently raised off the ground, 
concentrating 90 per cent of the total weight on the centre roller. The 
front roller always has sufficient excess of weight to give steering effect. 
The wheel bases are not equal. This is purposely arranged as a further 
precaution against the possibility of producing recurring waves. 

The diameter of the central roller is 3 feet 6 inches, and that of the 
two end rollers 3 feet. In a later design the central roller is 4 feet. The 
width of the rollers over all is 4 feet. The long-wheel base is 8 feet, and 
the short- wheel base 6 feet 6 inches. 

The distribution of the weights can be varied between the limits 
given in the table below, with a coiresponding roUing-pressuro variation 
of from 160 lbs. up to 500 lbs. per inch width of roller. 


f 

j Front Axle. 

r 

Centre Axle 

Bear Axle 

Total. 


1 T. C 

T C 

T C. 

T 0 


0 17 

8 10 

2 ' 11 } 


3 

• i 

3 8 

9 7 

Without water ballast 

0 17 

10 13 

\ 

11 10 


4 

2i 

4 2i 

3 6i J 

With water ballast 



CHAPTER XL 


PAVING. 

Granite Sett Paving.- -Tim various kinds of jjaving for vory hoavy 
truflio, HUnli as art' f<jun(l about docks and other oommoruial ooiitrcs, 
an* of till* granitic sett ty^M^ Granite setts are of various sizes, about 
5 or 0 inelies deep, H to 3J inches wide, and from 7 to 9 inches long, 
properly square and dressed. It is usual to lay thorn on a G-iiich concrete 
foundation. There is a bed of sand about 1 J to 2 inclicifl deep, in which 
the setts an* bedded on parallel oourfles, the joints being about | to J inch 
wide, and tliese are filled up with ohippings, into which is poured a pitch 
and anthracene oil mixture of a standard type already desoribod. The 
setts are obtained from various quarries, e.ff, Penmaenmawr, Aberdeen, 
Mount Sorrel, Bnderby, Cornwall, Norway, Belgium, etc. 

In many oases the setts are S-inoh or 4-inoh oubes, laid as dosoribed 
in the ease of the larger material, 

This form of paving has its disadvantages : the edges under traffic 
conditions are soon broken, and the surface becomes corrugated ; it 
is noisy, and not particularly clean on aooount of the mud collecting 
in the joints and the difficulty of cleaning it out. 

Klelnpflaster or Durax.— Another form of paving is known as Elein- 
l)flaBter in Germany, where it is extensively used. In the provinces of 
Rhino, Westphalia, and Hanover hundreds of miles have been laid with 
ooonomioal results. A considerable area of the Thames embankment 
at Chelsea and also other distriots have been paved with this material, 
which is known as Durax in this country. The stones arc made in the 
form of truncated pyramids, and are not of the same size but vary in 
depth according to the density of the traffic, the surface dimensions 
varying from 3 to 1} inches. The paving is laid in sand, and the joints 
are filled with sand or a oonsistenoy of pitch or cement. No foundation 
is necessary except what may be provided in the existing road, or what 
would have been provided in the ordinary macadam road. The paving 
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is not laid in parallel linos, but in quarter cirolofl rtiiuilar to inoHaie paving. 

It 18 claimed that this method prevents the edges of the paving from 
being broken, and the corrugated appearance that is found in ordinary 
sett paving is not in evidence. This form of pavement should prove 
to be better than sett paving ; it will bo much olieapor on account of 
the more economical use of the stone, the sizes being much smallor 
and therefore giving a greater surface area per ton of material used. 

It will wear more satisfactorily, but it is not a noiselcHs pavement, 
although it is claimed to bo less noisy than sett paving. 

Grit-Stone Paving.— In Lancaslure and Yorksliiro sett jiaving is - 
common, hut not of the gramto type. Tlie stom* is a grit stouts which 
18 quarried locally ; it is usually about G to 8 inches wide, tlie length 
6 to 9 inches, and the depth about 6 inches. Tluj i)aving is ircatod 
oxaobly in the same way as the granite sett paving. 

Every few years, depending on the traflio, both the granite and 
gritt sett pavings are taken up, redressed and rcdaid, and they then 
pve a face equal to new paving. 

Grouting of Sett Paving. — It will probably be a f(‘ature in the. future 
to increase the life of the sett paving by adopting a mon^ satisfactory 
6 Iler for the joints than the consistency of soft pite.h, which soon dotorio- 
rates and wears away to a depth of about 1 J incdies below the surface. 
Probably mastic asphalt could bo adopted. By increasing the size of 
the joints between the setts, this substance could be placed in the space 
so afforded, and as it would not so easily break up as ])itoh, would 
prevent the edges of the setts from being woni, and incidentally also 
give a good foothold for horse traffic and a monj ovon and therefore less 
noisy surface. 

There would be no reason to go lower than 2 iuohos, because the 
pitch below that depth is in praotioally an air-tight chamber, and as 
the setts are not capable of being moved from the position in wliioli they 
were originally placed, the jntoli retains its elasticity for many years. 

The writer tried a few yards of paving on these linos with very 
satisfactory results ; the stones had to be laid with greater oaro; and 
considerable expense was thereby involved. 

Brick Pavements. — Brick pavomenta are common in Holland and in 
America. The eastern States have laid considerable areas. 

The bricks used are hard and tough, and must resist the action of 
frost, aoids, and water. They must not absorb more than of their 
weight in water during forty-eight hours. They must not poUsh under 
wear, bo compact and close-grained, free from air holes and pebbles, 
and give a clear ringing sound when struck ; they must not scale or 
chip when struck on the edges. 
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They are burned to a temperature of 1500° to 1800° F., depending 
on the olay, and the heat is gradually lessened until the kiln is cold. If 
oooled too suddenly they will be brittle. The diffioulty is to obtain 
the bricks of even texture and quality. The analysis should be : — 


Silica . 

Alumina 

Sesquioxide of iron 
Lime . 


. 60 to 76 per cent, 

. . 22 „ 23 „ 

not more than 1 , 


They are laid Hiniilarly to setts, and jointed with pitch and tar grout 
The paving has not proved suitable for heavy trafiio 


WOOD PAVING. 

Hard-Wood Paving, — The next process of importance is wood paving, 
laid on a concrete foundation, which must have a perfectly smooth and 
even surface. The more satisfactory the foundation the better wiU 
be the results. The timber that is used is either “ hard ” or “ soft.” 
Hard woods are oak, hlaokhutt, Jarrah, and Karri, The most 
popular of the hard woods is Jarrah. It is grown in Australia, 
and the trees from which the timber is out are of considerable 
diameter. The quality is apparently perfect ; the rings are exceed- 
ingly close ; there are no knots ; there is a density and hardness 
which, from a superficial view, would make an excellent surface, but 
it is in practice found to be too hard and unyielding. One per- 
sistent fault is that it shrinks, the edges wear, and the surface in time 
has a corrugated appearance, with fairly large joints, and it thus 
becomes noisy and not particularly clean. 

The results that have been obtained are more or less satisfactory, 
according to the degree of satisfaction required. The widter has seen 
the paving in seaside towns wearing without that contraction whioli 
has been so evident in London and elsewhere, probably because the 
sea air gives to the timber the amount of moisture that it requires 
to prevent contraction, or it is in some bther degree suited to its 
surroundings. 

DoweUed Bloohs , — ^The writer laid an area with dowelled blocks, 
but these developed a crack IJ iiiotes wide in the middle of the paving, 
and the only means of preventing further damage was continual water- 
ing of its surface during the summer. This trial was not a success, and 
eventually it was removed ; soft-wood paving would have lasted more 
than twice the life of this pavement and been cheaper in first cost. 

In order to overcome this difSouIty of contraction, the Acme Wood 
Paving Company has adopted a process of cutting up the material 
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into small pieces and makmg them into a block again by a kind of dowel 
running its entire length on either side. The coat of laying these blocks 
varies with the depth of block required They are 3-inoh, 4-inoh, or 
6 -inch. 

Soft-Wood Paving consists in the use of blocks which are out from 
8-inch or 9-inoh deals, and are usually 6 inches deep and 3 inches wide. 
The timber generally used comes from Sweden, and is known as red 
pine and yellow deals. Spruce and timber from Archangel is also used. 

Scandinavian and Russian Woods. — The timber that comes from 
the ports of Grefle or Soderham, in Sweden, is of the finest quality for 
wood-paving purposes ; it is close-grained, hard, and very even in 
quahty. The timbers from the northern ports of Sweden are softer 
in texture, close-grained and even, but have not the same wearing 
capacity. The deals from the southern ports of Sweden are of a coarser 
character, the rings are wider, and the amount of sap or sapwood is 
considerable. In these deals the sapwood is comparatively soft and the 
heartwood is very hard, so that with concentrated traffic, such as is 
common on the mam London thoroughfares, the wear takes place in 
small depressions due to this soft fibre wearing more rapidly than the 
harder texture of the block. 

Spruce deals may be found to be good, but the general quality is 
soft, even more so than the timber from the northern ports of Sweden. 
It does not wear so well, and its life is therefore shorter. Archangel 
timber y if carefully examined, is of very good quahty, but it is only 
the ends of deals that are available, as the full deals are sold for joinery 
work. Most of the timber from Riga or Finland is too soft for paving 
purposes. But in the use of timber for wood-paving, consideration 
must be given to the traffic which uses the road It may be possible 
to find a timber which might prove to be as effective from a wearing 
point of view as the best quality. It is a matter of selection, which 
requires considerable experience and can hardly be set down on paper. 

Archangel larch is neither a hard nor a soft timber. The writer 
has tried it in ^veral roads for short experimental purposes, and 
so far has every reason to be satisfied with the results. It is a timber 
which is so dense that it will absorb but a very small quantity of 
creosote. 

Rings In Timber. — The reason why red pine in different parts of 
Sweden vanes in character is due to the richness or the poverty 
of the BoU and to the atmosphere. It is quite conceivable that 
the growth of a tree in a swampy district or in one where the soil 
^ jsfih will be Gonadeiable j in those parts where the soil is poor 
^ ^»wth of the timber or fibre will be of a less strong character^ 
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and in tliowo ai’ens wIioto very cold weather prevails for a consider- 
able proportion of the year, the growing period is short m com- 
parison, and hence the rings are closer together and forms timber 
more dense and even in character. 

Tli(^ more rings visible in the deal, the older will be the tree from 
which the deal has been cut. 

Sap or Sapwood, — It does not nGoosaanly follow that sap wood, which 
is usually oondtuniu'd in timber for building purposes, will be unsatis- 
ifactory for paving purposi's ; but there are points which should be 
observed, viz. that the Ha])Wood in a deal with a very hard heartwood 
will prove unRutinEactory, because of this nnoven characteristic ; whereas, 
if the sapwood and heartwood was of an even character, both would 
probably wear equally well when oreosoted. It is therefore a matter 
for critical examination, and the engineer has to consider whether 
a timber which might be useless for other purposes would not be 
adaptable for road surfaces. 

Pitch-Pine has been successfully used as a wood-paving matenal. 
OrooHOting would in this case bo of little value, as the timber is full of 
resin which would prevent the creosote from penetrating. 

Creosoting. — ^All soft woods are oreosoted at the rate of 10 lbs. of 
creosote to the cubic foot of timber. The creosote should contain 8 per 
cent, of tar acids. Before creosoting, the timber should be properly 
seasoned and not newly delivered, as frequently the timber contains 
moisture, and if this has not been eliminated the creosote will not 
take its place, but only penetrate the block in parts. Then there 
are defects in timber which can only be detected by one who has 
expert knowledge, and can toll the diiforence between dead and 
“ live ” timber. 

Creosote is used in order to lengthen the life of the timber. 
It is quite possible that in some roads, where the trafi&c is very 
heavy and the life of the paving very short, creosoting has little, if 
any value, except to the sapwood portion of the block, because the 
wear of the block is more rapid than the decay of the timber. 
The writer has known ordinary deals out in blocks, laid in a 
roadway, which after a period of twelve years have shown no sign 
of decay. 

In some districts unoreosoted timber has been laid in the main 
thoroughfares for many years without apparent disadvantage, hut there 
is a sanitary advantage in the fact that the oroesote sterilises the unne 
and prevents it penetrating into the fibre of the block. 

Method ot Laying Blocks,— The blocks are laid on a perfectly smooth 
face of concrete • The concrete is usually about 6 inches thick (6 to 1), 
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and a suiface of concrete made with 3 of fland to 1 of ooment is floated 
over the face of the oonorete to the surface, which is to bo exactly the 
depth of the block below the finished surface. The ooiicreto should be 
exposed to the air for a fortnight, and the surface floating for at least 
a week, so that when the time arrives for the laying of the blocks the 
concrete shall be properly set and hard. The blocks may be dipped 
in a hot composition of slowly distilled tar in the form of pitch, generally 
known as soft,"* a penetration of about 70® and 80® F. on the standard 
penetrometer, and immediately laid close-] ointod. Afterwards the joints 
are filled up within 1 inch or li inches from the surface with the mixture 
of pitch and the remaining portion is filled with cement and sand 
(2 to 1). It must be carefully examined to see tliat tli(» joints are 
properly filled with pitch, otherwise the water will ]jenctrate between 
the blocks and get under them, and probably lift them, so that they 
will have to be relaid. 

The blocks should be laid in hot or moderately hot weather, that 
is, when the blocks arc at the least size by reason of their contraction ; 
but it IB not imperative that this should be the case. For soft-wood 
paving the space at the kerbs should be 1 J inobos, and filled up with 
clay, so as to allow of the timber expanding without doing damage to 
either kerbs or flags forming the footway. 

Advantages of Soft-Wood Paving. — The advantage of this class of 
paving is that it is silent and is not slippery ; also, if a block should 
show weakness, tho surrounding blocks wear down to that of the weaker 
blook, so that tho depression is not, as a rule, very sudden, and the 
surface oven towards tho end of its life is of a smooth and comparatively 
even character. 

Life of Soft-Wood Paving.^ — Tho life of tho oroosoted block is difficult 
to determine. The writer has taken up a pavement that has been down 
for aevontoon years, but as there is always a fair proportion of tho area 
of the streets that receive only a small proportion of tho traffic, those 
areas will give up a quantity of blocks that show little wear. Tho whole 
of the material is taken to the dep6t and the timber sorted into various 
sizes — 3 inohes, 3J- inches, 4 inches, inches, and 5 inohos. Tho 
blocks are cleaned free from tar, cement, etc,, and the edges squared, and 
this timber is laid again in the streets In one ease thero was a sootion 
of a main thoroughfare laid with blocks that had been previously used 
in a road during a period of fifteen years ; after being down about 
four years these were again cleaned, and have been placed in other roads 
wherever repairs have been neoessary. Thus it is quite within reason 
to say that the blocks will last twenty-five to thirty years, especially 

^ Seo page 08. 
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where they are in a position where traffic is not so severe as to wear 
them to any considerable extent. 

The Local Government Board, for some reason or other, defines the 
life of soft wood for loan purposes at ten years. 

But if the life of the wood paving that has been laid in London was 
taken, exceptionally few areas would be found whore it was removed 
within ten years, and the average would be more probably about 
fifteen years On examimng the table on page 69, we find only one 
place where the paving has been removed in seven years, and that is 
on a bridge having a steep gradient where the wheels are braked 
and sldds used. The heaviest trafficked road lias a life of about eleven 
years, the greater area of the paving has a life of fourteen, sixteen, and 
seventeen years, and several areas have a probable life of thirty years 

The calculation of the life is based on the total wear being 2 inches, 
this being the average total wear of a 6-inch block before it is removed 
from the roadway, the rate of wear each year being measured 

Cost of Wood Paving.— The cost of the paving is about 7s 6d. to 8b 
per superficial yard apart from the concrete, but it depends on the 
market price of the deals at the time the work is done. 

ASPHALT PAVING. 

Another olass of paving which competes with wood paving and sett 
paving is known as asphalt. Probably this class of paving will come 
more into favour with the increase of motor traction. 

There are various classes of asphalt, hut those which have had the 
greatest success in this country are laid by such firms as the French 
Asphalt Conijiany, the Limmer and Trimdad Lake Asphalt Paving 
Company, the Val dc Travers Asphalt Company, and others. 

Composition of Asphaltic Rock. — The asphalt that is used by 
these firms is from a natural rock found in France, Germany, 
Italy, Switzerland, and Sicily. In its original state it is in the form 
of an impregnated, laminated, or amorphous bituminous rock. The 
bitumen is in the proportion of from 4 to 20 per cent , the remaining 
material is composed of fine oarbonaoeous limestone, which is made up 
of the remains of marine animal life, and is of such a character that a 
better and more thorough impregnation is made by the bitumen than 
would probably be the case if the limestone had been composed of 
crystalline oaloite. 

The fineness of the mineral matter may be gauged from the fact 
that on an analysis it is found to contain from 60 to 80 per cent, of 
material passing a mesh of ^^inoh and only 6 per cent, passing a mesh 
of inch. It may therefore be taken that the coarse material is the 
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ro portion that is retained by a mesh, and the fine material the 
nount that is retained on a mesh. 

In some of the quarries the rook is found to contain too small a 
'oportion of bitumen, and would therefore not be smtable for paving 
adways ; but by a judioioua miicture of matenal from those quarries 
here the stone is found to be richer in bitumen, or by adding 
ifficient bitumen such as that from the Tnnidad Lake, a good 
aterial is secured, which contains about 12 to 13 per cent, of bitumen. 

Treatment — ^The rock as it is obtained from the quarries is broken 
), ground into a powder, and heated to a high temperature , it is 
en brought on to the job, laid to a thickness which on compression 
vea a net 2 inches, the compression being obtained by tamping with 
»t heavy iron punners, the resulting surface being hard and smooth. 

Mastic Asphalt — A mastic asphalt is also used for footpath paving, 
ide about 1 inch thick on a concrete foundation. This matenal is 
mposed of the carbonaceous limestone in which bitumen is already 
pregnated ; further bitumen is added, together with a comparatively 
*ge quantity of clean sharp grit and sand. Mastic is also used for 
ifing and damp-proof courses, etc. 

Qeanllness of Asphalt — ^Asphalt paving is more noisy under traffic 
an wood paving, but, on the other hand, it can he more satisfactorily 
ansed. It is not too popular with horse-owners, as it is considered 
be too slippery, and in a drizzling rain it is difficult to traverse its 
•face with a full degree of comfort. Up to the present no treatment 
3 been found to make it less slippery, but at the same time horses 
>n become aoonstomed to the surface. 

Weather Effect — Very hot weather affects the material, but not to 
Y unsatisfactory degree ; it occasionally creeps and forms shght lumps, 
i although these may not be noticed by the casual observer, it is 
tde apparent in the wear of the substance. 

Trlnl^ Lake Asphalt — This material is laid by the Dimmer and 
biidad Lake Asphalt Paving Company, and is an artificial paving 
fcdn with Trinidad Lake bitumen and finely graded sand, eto., 

5 proportion of fine material passing a ^^inoh mesh being about 
per oent. Thus the surface, being coarser than the asphalt, is not 
ite so sKppery as the natural asphalt. There is no concrete, because 
aaph^tio concrete is used which is laid about 3 inches thick, and on 
B IS Isid the above surface mixture about li inches thick, which when 
led gives a smoo^ asphaltic surface. The proportion of bitumen in 
j maffl 18 approximately the same as in the natural asphalt. This 
Aalt, Kl® the otljei paTOmenta of this typo, io subject to creeping in 
7 hot TOathor, but owing to tbe asphaltic concrete underneath the 
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movement is not so noticeable as it is where the base is cement 
concrete ; this failing, small as it is, can be remedied by hardening 
the bitumen 

Lithofalt. — The Limmor and Trinidad Lake Asphalt Company have 
also asphaltic blocks about 10 inches long, inches wide, and 1^ inches 
deep. These are laid on green concrete, and cost pre-war about 4 b. 9d. 
per superficial yard, the cost of laying being about Is. per superficial 
yard extra. The pavement is known as Lithofalt 

Other Asphalts. — There are other companies which make asphaltic 
pavings, and they are prepared to lay at cheap rates (i c. compared 
with the older companies) The material may be similar to that of tlic 
other oompauioB, with this addition, that granite or other matenal is 
added, which, being cheaper in bulk, naturally cheapens the asphalt. 

It is purely a matter of how far the proportion of bitumen to the 
extraneous matter can be taken without injuring the composition as a 
whole. The well-known companies think their material is in the proper 
proportion for the traffic it has to withstand, and any further addition 
proportionately weakens the composition. The engineer has therefore 
to hoar these facts in mind when considering the variouR asphalts. 

Noth — ^The borough of Holbom in 1912 replaced asphalt paving with granite 
flott paving The reason given is that with very hot weather and their heavy trafllo, 
the asphalt became wavy, and the depressions of the waves have so worn that repairs 
have liad to be mode although the paving has been laid only three years. 

It would be unwise to condemn asphalt paving from this experienoe. This fault 
of wavinesB is capable of ooneotion m asphaltio mixtures. The temperatures in 1010 
and 1911 were exceptional for this country, and now that it is known, with the traffic 
that lias to bo mot, the asphaltic composition will be adjusted accordingly, os lias 
already boon done m other eases. 

There has been laid in Glasgow an area of granite aott paving with very fine 
joints (J inch) , obviously the edges of the sotts will not bo so cosily broken, and 
the roadway should present a very fine surface over a long period of time. The 
auifooe would be good for motor traffic with rubber tires, but it is non-rosiliont for 
all other traffic, and os a pavement very expensive in first cost. 

THE VIAGEAPH. 

In the future it will be more necessary for the engineer to know 
the relative condition of the surface of a road than it has been in the 
past, especially if the stitoh-in-time repairs are a policy that will be 
adopted. It will also be desirable to have the information in the form 
of a record to determine when the road should be renewed. 

For this purpose the viagraph invented by Mr J. Brown, F.R.8., and 
made by Messrs Glenfield & Kennedy of Kilmarnock, will be very valuable. 

It consists of a straight-edge applied continuously to the road sur- 
face along which it is drawn at a foot-pace, and carrying an apparatus 
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for recording on paper a profile of the road surface, and indicating a 
mimenoal index of the unevenness. Tliese, taken together, give quite 
a fair estimate of the quality of the road at the part tested . 

The instrument is in the form of a sled with straight runners ; it can 
be folded so as to be easily earned 

Between the runners of the sled and protected by a hinged glass 
cover are mounted the working parts; metal struts connect the two 
runners and keep them rigidly in position. One of these carries a hori- 
zontal pin which acts as a pivot for a lever. At tlie opposite end of this 
lever, which is free to rise and fall independently of the frame, is fixed 
a revolving road wheel. While the mam frame, on being drawn along 
the road, preserves a sufficiently even lino, the road wheel rises and falls 
over all the unevennesses of the surface. Through the lever this move- 
ment is transferred bo a pencil, which marks the amplitude of these 
movements on the paper, which passes round a drum. The drum is 
rotated by a oloolcwork arrangement, and as the pencil marks are vertical 
the amplitude of these movements are plainly marked and propor- 
tionate to the length of the road covered by the viagraph. The gearing 
is so arranged that the paper moves in the proportion of -J inch to the 
foot. The vertical movement is full size. A second pencil marks a datum 
line. From this datum line the measurements can ho taken of the rise. 
The sum of the depths of all these unevennesses constitutes the numerical 
index of unevenness,, and it is indicated on the decimal counter. Tliis 
is arranged by fixing a cord to the free end of the lever, led over a guide 
pulley, round a grooved pulley, and attached to a stretched rubber liaiid 
attached to an eye in the frame. When the road wheel and h‘ver 
descends, the cord rotates the grooved pulley, the rubber band stretoli- 
ing to allow the necessary movement of the cord. When the road 
wheel and lever rise again, the cord slips hack on the pulley, the rublier 
talcing up the slack, while the pulley is held fast by a brake ; tlius the 
pulley rotates intermittently in one direction only, and the sum of the 
movement is indicated on a decimal counter in inclies or in feet per 
mile as desired^ The number recorded is the index of unovonness for 
that road, assuming the section of the road to bo a fair sample. Tlie 
grooved pulley may be substituted by a ratchet wheel of about 0*05 in 
pitch, with triple differential pawls. This arrangement gives the moasure 
of minute unevennesseB, and in consequence the number of unovennoss 
is much higher than in the former case. 

The length of road usually tested is 88 yards, and the apparatus is 
set so that it will automatically record that length, the striking of a 
bell indicating the completion of the length. The paper is removod, 
and a record of the time, place, etc., is written upon it. 




PAVTNa. 


235 


To Hcoure a good idea of tlie oondition of the road, it is desirable 
that a series of diagrams should be taken parallel to each other , and if 
the positions are carefully noted, then at later periods similar diagrams 
oan be taken over the same lines and a comparison may then be made 
and recorded and kept for reference. If a datum level is also recorded, 
the rate of wear would also be more accurately secured. 

It is suggested that by means of these records payment by the State 
or by county oounoils might be made, the amount to depend on the 
oondition of the road surface recorded in this manner ; also, in cases 
of dispute as to the condition of the road, a series of diagrams covering 
the period before and at the time of the dispute would be invaluable 
It will be evident that the numerical indication is not by itself a 
clear index as to the unevenness, as it may reach a high figure m a few 
holes, therefore oompanson must be made with the diagram itself 
The three following diagrams give an indication of the records of 
three different roads — 


No. 1. The sum of the ruts is 12 to 14 feet per mile. 
„ 2 . „ „ „ 42 feet per mile 

,, 3. ,, ), 134 ,, JJ 

No 1 would be considered an excellent road. 

,, 2 „ 5 , a fair road. 

,, 3 ,, „ a bad road. 


It is interesting to follow these ruts as so recorded ; the sum of the 
unevenness may be taken as representing in efieot an artificial hill inter- 
posed by the bad state of the road. Taking the case of No. 3 and suppos- 
ing the average sum to be 100 feet per mile, we have an artificial hill of 
that amount in each mile ; consequently, any vehicle making a 30-mile 
journey on suoh a road has in effect to chmh a hill (over and above any 
recognised hills on the road) made up of ruts alone. A vehicle weigh- 
ing one ton and travelling 7 miles per hour would require extra power 
to the amount of | horse-power, or 35 owt. at miles per hour wo 
require the same extra horse-power. In the second case the extra 


power would he J horse-power. 

Owing to the fact that the smallnesB of the road wheel would enable 
it to find ruts which an ordinary road wheel would not fall mto, a skate- 
shaped slider curved to a circle corresponding to a wheel of average 
size is used (say 40-hieli diameter). This slider is attached to the Tia- 
graph by a hinged lever with a spring pressing it down on the road snr- 
face, along which it slides close to the road wheel; it works a second 
pro^ng pen and decimal eonnter. The index of 
lith the ider is naturally smaller than that from the road wheel, it 
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works out on a ina^iadam road about -y to | that of the latter. On asphalt 
the two oounters give almost equal results 

The viagraph is put forward by the inventor as useful for the follow- 
ing purposes 
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1. To asoertain the condition of roads at a diatanoe without personal 
inspection ; any intelligent man or boy can do viagraph testing. 

2. To obtain records of the surface of any road from time to time 
under various systems of maintenance, and so compare the relative 
merits of such systenofl. 

3. To make oomparisons with roads of other districts in order to 
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eniphasiso the need of more expenditure, or a difierent treatment in the 
surveyor’s own distriot 

4. To keep a cheek on road surveyors or mspeotors by causing 
diagrams to be made of the road surfaces in their respective districts. 
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6. In actions at law where the state of the road surface is in question, 
to bring definite evidence of its exact condition. 

6. In oases of dispute with contractors, to produce graphic evidence 
of the state of the road surface in support of the surveyor’s contention. 

7. To make contracts for the repair of roads more definite by the 
insertion of a clause to the efiect that, when tested by the viagraph, 



PAVING. 239 

tho surface uiiist not show a rut or depression of more than . . . inches 
nor any unevenness of more than . . . feet per mile. 

8. To assist in settling olaims made for maintenanoe between county 
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councils and other local authorities, by producing before the arbitrator 
evidence of the condition of any road in question. 

9. To controvert complaints, if unjust, that may be made, either in 
the Press or otherwise, of the bad condition of any road, or to ascertain 
if the complaint is sufficiently well founded to need attention. 

The viagtaph would also be valuable to oychsts and others desirous 
of knowing the condition of the roads in any distant district in which 
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propose to travel, and to all associations or individuals wlio wish 
itioise roads for tlie purpose of having them improved, 
ig 67 shows the mileage of public roads maintained in Fulham. 

'ig 68 shows the amount of surface wear of these roads. 
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i’ig. 69 shows the approximate amount of tons of grit removed as a 
t of internal attrition in macadam roads. 

^g. 60 shows the amount of gnt, manure, etc,, scavenged and carted 
7 from the whole of the roads. 

^g. 61 shows the approximate amount of moisture in the refuse so 
oted. 

'ig. 62 shows the cost per mile of repaving the wood-blook paving, 
hioh there is approximately 12 miles. 

'ig. 63 shows the cost of the repairs to these wood-paved roads. 
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£’ig. G4 shows tlui ooinbination of the diagrams 62 and 63 and tho 
amount provided for in tho rates eaoli year for tho mnintenanoe of 
tho wood-pa vod roads. 

Fig. 66 shows tho cost of scavenging tho whole of the roads. 
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Fig. 66 BhoWB tlio ooat of oloansing the Bewera. ThiHis inoluded beoauBe 
it was anticipated that, as the streets were rendered impervious, tliero 
would be less grit washed into the sewers. This result is actually gained, 
but, as will bo seen, the reduction is at a later period than the date when 
the .tar-spraying was eommenoed, and was more apparent in tho year 
following the period when the bituminous roads were oonatruoted. 

Fig. 67 shows the cost of repairing tho other than wood-paved xoade. 
The cost of the roads constructed with a bituxninous composition is 
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shown in dotted lines. The shaded hnes show the cost of such 
oonstrnotion, as it is anticipated that this pavement will bo in good 
condition for a period in excess of fifteen years. 
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It must be taken into consideration that since 1914 the value of 
labour and material has increased out of proportion to the costs and 
values that were prevailing then. 



CHAPTER XIL 


COST OF MAINTENANCE OF ROADS 

In oonsidcring road-surfaoo oonstruotion tlie oost of installation is an 
item of importance, but the cost of maintenance is of muoh greater 
importanoo. # 

Increasing Cost in Country. — During the past few years county 
oouiKuls and local authorities have been complaining bitterly of the 
inorottHing cost of road maintenance The complaints have, however, 
boon confined to the areas outside large towns. Few of the large towns 
have complained, because they have been adapting the road surfaces 
to the traffic over a period of many years, and it will prove to be the case 
that, for example, the London boroughs are actually decreasing rather 
than increasing the oost of maintenance with the advent of motor 
traction. 

There are admittedly many oaseB which may be considered as isolated; 
in the populous districts motor garages have been erected, and the 
vehicles have to traverse streets that were previously only traversed 
by occasional tradesmen’s vehioles. In some of these garages there 
are from 500 upwards of motor cabs, which traverse these streets back- 
wards and forwards several times a day, and the macadam roads are 
in consequence badly worn, so that it has been noocssary to wood pave, 
asphalt, or in some other way treat the road surface to withstand the 
new class of traffic which has come upon these streets, and the oost 
for the time being has been largely increased. 

Decreasing Cost in Large Towns. — But, as a whole, the streets in 
large towns arc decreasing in the cost of maintenance, and Mr Cooper, 
the engineer to the Wimbledon district, shows in a chart the decreasing 
oost of maintenance in that borough [Proceedings Inst. C.E, vol. 
olxxxvi.), and the charts (figs. 57-67) show how the costs have 
decreased in Fulham ; and there is no doubt that many other popu- 
lous districts will be able to give evidence on similar lines. With an 
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alteration in tlie method of oonstruotion that has been suggested in these 
pages, there will be an equally considerable saving in the future costs 
of road maintenance on those now prevailing, and it would be interest- 
ing to know the effect of the tar-sprajdng and painting that lias boon 
done throughout the country, notwithstanding the temporary nature 
of such application. 

Saving by Tar-spraylng, etc, — The saving of approxiinatcdy 6000 
tons of street refuse in Fulham is represented by at least £1200 per 
annum in cartage and shoot costs alone. The surface must naturally 
be the better for the gnt not being removed from the struoturo of the 
road, and must represent approximately about £2D00 per annum, or 
about £60 per mile of road at least, which would enable a largo area to- 
be reoonstruoted on better linos than the water-bound macadam surface. 

It has been customary in the past to scavenge the roads by manual 
labour , probably the most eoonomieal way of utilising this labour is 
to provide the man with a barrow, which is built on threii wheels and 
can easily be pushed along the road, also a broom, shovel, and sorapor. 
Ho sweeps the manure, places it in the barrow, and when it is full 
wheels it to an allotted place and a horsed or motor van calls at a 
speoiffed time, oollects it and takes it to a shoot. 

Where, however, the road is oomposed of ordinary macadam, this 
method is not applicable because of the large amount of luatorial that 
has frequently to be removed In these cases horsed brooms or meohani- 
oally driven brooms axe employed. 

The advent of motor vehicles and their i)opularity has reduced the 
quantity of manure to bo oollooted, and where th(^ ])rinoipal roads liave 
been oonstructed with a wearing surfaoo of a bituminous character tlie 
necessity for brooms has been reduced, and it is beginning to be felt 
that the sweeping of the streets might bo dispensed with and the more 
sanitary and satisfactory method of washing the roads be adopted. 
The amount of deposited material to bo washed from the roads will 
be exceedingly small under such future eonditions, and one of the advan- 
tages of washing is that the greasy material which is in evidence on 
smooth-faced roads under certain weather conditions is likely to be 
more effectively removed than by the ordinary method of swcoiang. 

Amount of Slop Collected. — In some of the London boroughs the 
amount of street refuse is as much as 700 tons per mile, the lowest 
quantity being under 160 tons per mile. The quantity depends largely 
on the olasB of traffic and its density, but that there is a large possible 
saving by the waterproofing of the surfaces of suoh roads must be very 
evident, and by adopting a permanent method of construction the 
economy will be even greater. 
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Reduced Cost due to Improved Methods.— In natural asphalt and 
wood paving wo have two of the cheapest forms of surface construction 
over their respective lives, simply for the reason that the matenal wears 
only in proportion to the traffic traversing its surface. In the case 
of two-ooat bituminous paving, or where the tra£G.o is light and the 
ono-ooat bituminous surfacing mixture is used similar to that shown 
by analysis M on page 199, similar results will be obtained, with the 
greater advantage that the cost is very much less than either to instal, 
and is therefoTO available for streets with a lesser density of traffic, and 
where natural asphalt and wood paving would be too prohibitive in first 
cost. In still lighter tralfiokod roads tar-macadam construction will 
give somewhat similar results. 

Census of Traffic. — While roads have been constructed on the water- 
bound system, there has been little or no advantage in taking a census 
of the traffic, because the wearing results are not dependent on the 
traffic, but on the traffic in combination with the weather In those 
oases whore the weatlior (‘dTocts are eliminated by whatever means, then 
the census of traffic booomes of value, and the wear and hfe of a road 
may be anticipated and judged fairly accurately. 

The life of wood paving or any other paving must not be taken as 
the period over which a loan.is given by the Government Departments, 
as those periods are purely arbitrary and of no value from a maintenance 
point of view. 

Wear and Life of Wood Paving.— The wear of the best Swedish 
soft-wood paving is 0*027 inch per annum per 100 tons per foot 
effective width of roadway per day, and by taking the total wear of 
2-0 inohoB we can obtain the life of the paving. If the road is heavily 
trafficked, it may be impossible or impracticable to repair the weak 
places, and it booomos advisable to repave at an earlier period in 
oonsequonoe ; tho wear in such a case will probably be only 1-50 
inches. 

Suppose tho traffic is equal to five million tons per annum over an 
effective width of the roadway of 32 feet 


Life 


2*00 

6,000,000 1 

* ’ X — X 0*027 

306x100 32 


17*3 years ; 


or, if not repaired- 


1*60 

366x100 32 


=13 yeara. 


life 
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Wear and Life of Asphalt. — Asjilialt paving is only 2 inolios 
and tlicrofoTc tlio woar is only about 1 inch wlion it in ropluoocl by now 
material ; but tlic proportion of wear is nmoli loss than in tlio oaso of 
wood paveinont, on aoooiint of -tlio greater resistanoo of the material 
as oompared with that of the fibres of the timber. Wlien'as the rate 
of wear per 100 tons per day ynn foot of width of roadway is 0*()27 ineh 
per annum in the case of wood pavements, it will only he ()‘(>1 ineh in 
asphalt pavements, and therefore the life, under the same conditions 
as in the above example, would bo about 23-d years, or about 33 per 
cent, longer than the life of the soft wood. When the matiirial is laid 
the tliiokness la 2 inches, but under traffic tliero is oomj)r(^flsion, and 
it is only when the material has taken its full oom]>reHsion tliat real 
wear begins. 

The method of laying the asphalt has therefore to be oan'fnlly ganged 
in order that a not too groat oompreasion is given to the material when 
it is first laid, otherwise wear will begin earlier tlian need l)o tin* (laso. 
In other oases where the traffic la not heavy, Gom])roflsion is more seveni 
in the laying, but this is gained by placing only 1^ inches of material 
instead of 2 inches. 

Reason of Unequal Wear of Wood Paving. — In the case of wood 
pavements the wear takes place more rapidly where the blocks are 
lightest or uneven in character. No amount of selection will obviate 
this economically. A tree grows with the stem of greater diameter 
at the bottom than at the top, so the fibres of the top portion are not so 
dense as those at the foot of the tree, there not being the same proportion 
of heartwood. As the deal from which the blocks are out are of even 
size from end to end, if follows that one end of a deal may be very hard, 
and the other end, comparatively, much softer; and as the blocks out 
from the deab are laid indisoriminately, it will bo the case that there 
are areas of softer wood and areas of hard wood, or they will bo inter- 
mingled. The difference is not noticeable until after about eight years 
of fairly heavy traffic ; then small holes make themselves apparent, or 
areas of about 2 or 3 feet in diameter. It is for this reason that the 
milder timber is probably a more satisfactory wearing material, although 
it may not last quite so long. 

Repair of Wood Paving. — The repair of wood paving under heavy 
traffic, as shown in the table, page 71, is about 2*6d per superficial yard 
per annum. The actual cost of the repairs is shown, and also the cost 
of such repairs spread over the total area paved ; but in the oases illus- 
trated the paving had been laid down from six to twenty-two years, 
and the rate of wear is due to heavy traffic equal to 6,000,000 tons per 
annum or 1200 tons per foot of width per day. An average trafficked 
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road would not Im Iohh than 5(K) tons per day per foot of width, and there 
fore the c.oHt of tlic n'])iur of wood paving on such roada would noi 
exoeod Id, [ku* Huperlhnal yard i)or annum 

Thickness of Wood Paving.— The deptli of the blocka la uauallj 
f5 inohoH, but there ia no roaaon why 4-incli blocks should not be nsec 
in ligliter trailndced roada. The method of selecting the depth of tht 
blook may b(\ obtained by adopting a classification of roads according 
to the estiinatod trufilc, 1 200 tons per foot per day and over, 600 tc 
1200 tons i)or foot per dny, and 300 to 600 tons per foot per day. 

AHsuming it to be over 1200 tons, multiply this figure by the rab 
of w(‘aT, aay 0*027 inch, divide by the width, say 30 feet, multiply th< 
n^Hult by 20, and add this to 3*0 inch ■ wc have 6*16 inohcs ; a 5-inc] 
block would be tlu^ size required. In the case of 600 tons, the resiil 
would give 1*08 inches, i.e. a 4J-inoh blook would be siiffioient ; in th 
case of 300 tons, a 4-inoh blook would serve the purpose Any lea 
depth than 4 iiudies off the saw would not be economical, and similarlj 
as may bo gathered, any greater depth than 6 inches would not giv 
more satisfaction than a 5-inoh block. 

Repair ot Bituminous Macadam.- No repair has had to be mad 
in bituminous macadam under the writer’s control, but where trenohe 
have been out through the material, the composition has been reheate 
and put back again. In those cases where it dismtegrated, the sui 
face was hacked and a surfacing mixture about | inch or 1 inch thio 
was laid on the top of the maoadam, the oost of which being abon 
3s. per Buporfioial yard actually laid. 

A good road structure should — 

1. Have a long life — fifteen to twenty years, 

2. Not need repair or attention for a period of five to seven years. 

3. Give a smooth and oven surface, 

4. Be clean, free from mud, 

5. Cause the least possible tractive effort. 

6. Not cost more than 9d. per superficial yard per annum, inoludin 

first oost spread over its life and yearly maintenance, 

7. Be easy to repair, with little disturbance to traffic. 

8. Be comparatively noiseless, 

9. Submit to heavy, moderate, or light traflfio satisfaetorily, 

10. Give reasonable foothold for horsed traffic. 

In the writer’s opinion the asphalt or bituminous pavement w 
answer all these tests in a satisfactory manner, but soft-wood pavii 
will hardly take second place; in fact, there axe many areas where prefe 
enoo should he given to this class of pavement. Hard-wood and stor 
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sett pavements, including Durax or Kleinpflaster and tar-macndani 
pavements, would take the third place ; they each have their reape otivo 
spheres, in which one may be better than the other. 

The hfe of a road structure depends on the weight of the traffic and 
its volume ; the gradient of the road ; the climate of the looahty. If it 
is a composition, it will depend to some extent on the human elonieut ; 
that is to say, there is a probability of unevenness in the laying, how- 
ever careful the men may have been to ensure the best results ; the 
weather that prevailed whilst the work was being carried out is also 
a factor 


LAYING OF ASPHALT IN EAINY WEATHER. 

It IS preferable that bituminous pavements should be laid in fine 
weather and also when the temperature is not too low. But thon^ is 
no reason to suppose that good results will not be secured if the pavement 
is laid in moist or cold weather. Naturally no pavement would bo laid 
m the pouring rain As an example of what has been done, the reader 
is referred to an article by Mr T G Marriott in The Surveyor, October 18, 
1918, who was responsible for the construction of 5 nnles of a bituminous 
pavement in' Oxford during eleven months of 1916 and 1916. On 182 
days rain fell, and on 33 days snow fell ; it was the wettest year experi- 
enced in that city for 100 years, with one exception. While the mean 
rainfall in Oxford is not greatly in excess of London, the winter climate 
is by no means a favourable one for the laying of asphalt, being for thc^ 
most part damp and raw, with occasionally extremely low temperatures. 
He says; “ On the whole, the asphalt laid in the winter months at Oxford 
bears favourable comparison with that laid in the summer, and the writer 
sees no reason to doubt the efficacy of modem two-coat asphalt con- 
structed during moderately rainy weather. Given the essentials of a 
suitable sub-foundation, and particularly a well-designed asphaltic 
concrete base, it would seem that the wearing surface or ^ topping ^ may 
be put down in any conditions of weather that the workmen engaged 
in laying it can tolerate. On the other hand, the prejudice of engineers 
against the laying of compressed rock asphalt in any but the most favour- 
able weather conditions is probably justified by the fact that this type of 
asphalt is always put down in a single layer on Portland cement concrete 
foundation, and is somewhat absorbent of moisture until full compression 
under traffic is obtained. 

in 

by a laboratory experiment the writer recently carried" out. A small 
amount of each kind of asphalt was taken in a loose condition and agitated 


“ The difference between rook asphalt and mechanically mixed asphalt 
regard to water repellanoy at the time of laying is sharply brought out 
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in an equal quantity of water for 30 seconds m a test tube The rock 
asphalt (Sioilian) contained 10*6 per cent, of soluble bitumen. The 
moohanioally mixed asphalt contained 11*7 per cent, of soluble bitumen 
(Trinidad). After agitation, both samples were allowed to filter for 
1 J hours. At this point the rook asphalt contained 67 per cent, of mois- 
ture, and the mechanically mixed asphalt 29*9 per cent. The samiDles 
were then placed in an air bath at 220° F for half an hour. It was then 
found, that the mechanically mixed asphalt had thrown off all its mois- 
ture with the exception of 2-5 per cent , while the rook asphalt powder 
stiU held 29*8 per cent. Thus it will be seen that not only was the rook 
asphalt in this condition more absorbent of water, but that it gives off 
its moisture more slowly than the mechanically mixed asphalt. 

“ These conclusions are in no way intended to impugn the quality 
of compressed rock asphalt. On the contrary, the writer believes this 
typo of construction to represent the highest standard of asphalt paving 
for heavy traffic. It is merely intended to put forward reasons why the 
prejudice of engineers against the laying of rook asphalt in rainy weather 
need not extend to the modern two-coat mechanically mixed asphalt. 
This latter form of asphalt, consisting as it does of fine particles coated 
with an adhesive film of bitumen, is obviously more water repellent at 
the time of laying than rook asphalt powder with its light impregnation 
of bitumen, and thus lends itself more readily to successful application 
during rainy weather. Moreover, in the two-coat work the bottom layer 
of asphaltic concrete or binder acts as a key for the wearing surface or 
‘ topping ’ oven when ram is falling, and also serves to a large extent to 
drain away any surface water.” 

This is the personal opinion of one who has a wide knowledge of 
bituminous pavements and almost a unique experience in the laying 
of that pavement in all parts of the country under very variable weather 
conditions. 

The author has been himself impressed with the latitude that can 
be given in the laying of the material, but he cannot wholly accept the 
position that it is not detrimental to the structure to lay it in any con- 
ditions of weather that the workman can tolerate. Strictly, a man will 
tolerate any conditions if he is paid suffioiently well. There must be a 
limit, i.e. a rain limit. The topping should not be laid on a wet surface, 
so wet that the heat of the asphalt topping is unable to properly evapo- 
rate the moisture on the base-ooat in advance. If the moisture is not 
evaporated but is simply heated so that it forms steam, which cannot 
get away, and as soon as the asphalt topping is cold the steam condenses 
back to moisture, the moisture will prevent adherence to the base, or 
permeate the topping mixture to its eventual detriment. Probably on 
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a lightly trafficked road, or one that is submitting to a moderately heavy 
traffic, the efieot would not be noticeable for a few years, but that it will 
eventually tell in the structure is almost certain. There is a difficulty 
which should not be lost sight of, and it is that the plant, where the 
material is being manufactured, may be some distance from the road 
that 18 to be constructed, and the weather may bo fine and satis- 
factory during the time the material is passing through the works, but 
when it arrives on the job it may be raining heavily. If the work was 
not allowed to be proceeded with on account of the conditions of the 
weather, the difficulty of dealing with the material would be groat and 
costly, because, as soon as it is cold it sets like Conoroto, and sjjpcial 
arrangements would have to be made to break it up and reheat it. Tiiis, 
however, ought to be provided for ; the base should be covered with 
tarpaulins or a weather-proof covering sufficient to enclose tlie length of 
roadway that is to be coated with the mixed material, and advantage 
taken of any subsidence of the rain to lay it in position. 
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RIDCUP TRIALS. 

The Road Board in 1931 mado a sorioa of experiments at Sidoup. 
Tlio object which the Board had in view was to Bcoure a service tost, 
under uniform conditions, of a mimbor of trial lengths of roadway laid 
down under the general direction and supervision of the Advisory 
Engineering Committee of the Board, so that a record of comparative 
results could be obtained in a better and more reliable manner than is 
generally obtainable in the case of road surfaces laid down in the ordinary 
course of road maintenance in different parts of the country. 

The scheme for laying down the trial sections was framed so as to 
eeoure that they shall be constructed and maintained in precisely the 
same manner as road-surfaoe work laid down under normal service 
oonditions, except that the cost of the work is to be provided by means 
of a grant from the Road Board, and the entire work of construction and 
maintenance was to bo subject to the general supervision of the Advisory 
Engineering Committee of the Board. 

The ohoioo of the road to be used for experimental work was the 
subject of careful consideration. It was desired to get a road on which 
the experience gained might be practically applicable to any macadam 
road having to carry a fairly heavy traffic, whether in town or country, 
but it was difficult to find a road of what may be described as average 
oonditions. The traffic on the road selected is much heavier, both as 
regards its kind and its quantity, than most roads have to carry, and the 
trials therefore provide an unusually severe test ; but it was thought that 
it was better to have a road the traffic on which was above rather than 
below the average, and that the results of the trials would be fairly 
applicable even to roads of lesser traffic density, in so far as they 
would indicate the comparative efficiency and durability of the 
methods tried. 


o«i 
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It was also thought desirable that the road selected for the first 
trials should be in proximity to London, where it would be generally 
aooesflible, thus enabling the greatest number of road engineers through- 
out the country to inspect the work. 

The Sidcup scheme as earned out includes a total length of carriage- 
way of 2490 hneal yards and a superficial area of 18,420 yards. 

A summary of statistics of traffic on the New Eltham-Sidoup road 
for the weekending 13th September 1910 was given, and the total weight 
of traffic passing over the road amounted to 2618 tons per day. 

Another traffic census taken for the week ending 2lBt August 1912 
gives 3647 tons per day, an approximate increase of 41 per cent. 

It should be noted that the cost per yard as stated (except in the case 
of the lengths laid by the Kent County Council) were the amounts paid 
to the contractors for small lengths laid under expensive conditions, and 
could not therefore be used as indicating the cost of laying the various 
materials in large quantities under average oommercial conditions. 

The cost of scavenging the twenty-three sections for a complete year 
is returned by the Kent county surveyor (1913) as £127, 8 b. 3d., being 
at the rate of £84, 18s. lOd. per mile 

The facmg chart, which has been prepared by Mr H. T. Chapman, 
M.Inst.G E , the county surveyor of Kent, gives in a graphic form the 
original coat and the cost of repairs for each year until 1918. The life 
of the various pavements is not exhausted, and the final cost per annum 
over the complete hfe wiU not be determined for some years, except in 
a few oases where reconstruction has been carried out but the figures 
are interesting, and the author makes the few following comments which 
seem to be pertinent. 

In several cases the original cost includes the free maintenance of the 
area for a period of five years, and very naturally the cost would include 
a figure which would cover the maintenance for that period. 

Durax on pre-war prices would probably have been laid at a cost of 
about 68. 6d. per superficial yard if it had been done direct by the local 
authority. The cost per superficial yard per annum would therefore 
have been at a much lower figure than is indicated in the diagram 
Section 23 cost originally 7s. 6d., but this has been done by other authori- 
ties at 4s. 6d., and the cost of maintenance being the lowest, would have 
also placed this section in the best position with Durax so far as the cost 
is concerned. 

Another pavement called Eoadamant, at 9s. 3d., seems very high ; it 
includes a concrete foundation. It is a form of mastic asphalt, and mastic 
asphalt has been laid about 1 inch thick on an old macadam road surface 
at 3 b. 9d. per superficial yard, There are instances where it has worn 
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exceedingly well, and tliotigli tbis section seems to tave failed, tkeie was 
probably a fault in tbe composition ; it should not be condemned in 
principle by this example . 

There are several sootions that have been experimentally treated 
with bitumen carpets wliich have apparently failed. Here again it is un- 
desirable to condemn this carpet system, because section 14 has been 
reconstructed with this bituminous mixture and is wearing apparently 
very well, and the cost of maintenance has been small ; thus the 
bituminous carpet is worth testing still further, and especially so when 
section 23 has a bituminous carpet also. 

In the writer’s view section 23, 5, and the reconstructed No 14 show 
the best results to date. 

The next in merit seems to be section 3, but there are varying results 
■of the single-pitch grouting. Sections 1, 2, and 8 have been recon- 
structed with this material, and their first costs, 2b 6Jd., 2s. lid., and 
6s. 3d. respectively, compare -with 4s. Id , the cost of section 3. But 
Mr Cliupman informs me that 50 per cent, of old material was used in 
section 2 and 26 per cent, in No 1, whereas there were water difficulties 
to contend with in section 8 , probably the 4a Id. was a fair representa- 
tion of the cost of each on a “ new ” material basis. But, as will be 
■observed, the cost of maintenance of each of these sections varies con- 
siderably, sections 1 and 2 being about double that of Nos. 3 and 8 

The next in merit appears to be slag tar macadam, the two-coat 
pavement being superior to the single ooat This would point to the 
improvement which is secured by using finer material in the surfacing ; 
th(^ cost of maintenance, however, of this form of conatruotion seems 
lieavy in sections 9 and 17. The maintenance cosbs of sections 7, 13, 
16, and 16 arc low, but they have only been reconstructed about two 
yet^rs, so that a comparison is scarcely ripe. 


APPENDIX II. 

EXPANSION OF MATERIALS. 


Coeffioient) of ExponBion. 

pel F, 

Gasoline 

. 0 0005 

Creosoting oils 

. 0 00044 

Fluid residual petroleum 

. 0-00039 

„ tars 

0-00033 

Asphalt cement 

. 0-00030 

Heavy refined tars .... 

. 0-00030 
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APPENDIX III 

SPECIFICATION OF WORK TO BE DONE AND MATERIAl.S TO 
BE EMPLOYED IN CONSTRUCTING A NEW STREET. 

1, Kerblng. — The new kerb is to bo 12 inches by 8 luolio.s Norway 
granite, the best of its kind, of a uniform scantling, true and straight, 
free from all imperfections. 

No stone is to be less than 3 feet 6 inches in length when di^livered 
on the works, properly squared and tooled on the face, the full dej)th 
of the front, and 3 inches at the back, and to be dressed at right 
angles to the face, and with an underside that will bed evenly on a good 
foundation of Portland cement concrete as per Clause 9. 

The circular kerb to be of the same quality and description and 
accurately worked to the reqmred radius. 

2. Channelling. — The channelling, except where otherwise specified, 
to be formed with 12 inches by 6 inches Norway granitic of the best 
quality, true and straight, of uniform scantling, free from im])orfootions 
of every kind ; no stone to be less than 3 feet 6 inches long, properly 
squared, dressed and tooled at nght angles to the face, with an even 
underside, so that it will bed evenly and solidly on the conorete, the 
stones to be laid so as to break joint with the kerb. The circular atone 
to be of the same quality and description, and accurately worked to 
the required radius. 

3 Crossings. — The setts used for crossings of roads and gatiways to 
be 4 inches by 4 inches by 4 inches Enderby, Harboro*, or other approved 
granite, properly squared and dressed to an even and regular face, and 
laid with broken joints. 

4. Bricks. — The bricks required are to be good, sound, hard, and 
well-burnt stock bneks of a uniform size and shape. 

6 . Cement. — See specification for wood paving. 

6. Flints. — The flints for covering the road, if used, are to be j)ro- 
oured from the neighbourhood of Sittingbourne, Kent, and arc to be 
well screened, free from loam, and of the best quality ; no stone shall 
measure in any dimension more than 3 inches. 

7. Sand. — See wood-paving specification. 

8 Thames or Pit Ballast. — See wood-paving specification. 

9. Cement Concrete. — See wood-paving speoifioation. 

10. Blue Lias Lime Concrete. — The blue lias lime conorete is to con- 
sist of 6 parts of pit baUast and 1 part of blue lias lime of an approved 
quahty (the parts being ascertained by measurement of their volume 
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in propor moasurcja), twioo turned over and thoroughly mixed togethe 
in a dry atate on a timber atage not lesa than 10 feet by 10 feet for hal 
a oubio yard of eonoreto ; water is to be added {tlirough a rose if re 
quired), and the whole again twiee turned over until a proper oon 
niateney is ubtaiuod. If the ooue.retti liaa conimenoed to set before beiiij 
used, it is not thereafter to be used (except as ballast. 

11. Cement Mortar. — The eement mortar is to be composed of 
part of eement to 2 parts of (dean, sharp sand, mixed on a propo 
banker, as ))r(‘viouHly described for the conerek*, and used while fresh. 

12. Mortar. — The mortar is to be composed of 1 })art of blue lia 
linn* or grey-stone lime and 2 paHs (dean sharp sand, the whole to b( 
mixed on a ])roper bankm* whilst tlie lime is hot, and immediately afte 
slaking. 

13. Cement Grout. — ^See wood-i)aving spocifioation. 

1 1. Hard Core, “The hard oon^ is to bo eomposed of brick rubbisl 
(free from mortar, wood, slmviiigs, or i^aper) or otluir approved material 
and is to be of not less size than 3 inches in any measurement. 

in. Hoggin.- -The hoggin is to be of tlie best binding quahty, fre 
from loam, (day, or earth. 

1(). Stoneware. - All I)ip(‘s, hends, syidions, junctions, etc,, are to b 
of the best hard, W(dl-burnt, glazed stoiu^waro, fre(^ from flaws or craokt 
All })ipeH are to be laid with a n'gular fall, and candidly jointed wit 
neat Portland cinuent, and where required tlie pijjOH are to bo bedde 
in and surrounded with cononde. 

17. Macadam. Tim macadam is to be of the bemt Guernsey granite 
free from dirt or any earthy matter ; it must be sharp and evonl 
broken, of a size to pass tlirough a 2-inch ring ; the stones must b 
rt'asonably oubioal, and should the borough surw^yor be of the opinio 
that the macadam is inferior in quality and has an undue proportio 
of small, thin, or flat stones, it will bo rejected, and such material miu 
1)0 removed from the site of the works forthwith. 

The macadam is to be carefully and evenly spread upon the surfac 
of the hard core in two layers, each layer to be 3 inches in thioknet 
when oonsolidatod, and to bo properly slopped in with material di 
scribed above and thoroughly rolled. 

The contractor is to deposit a sani])le of the macadam ho propose 
to use upon the road at the borough surveyor’s onioe, ])rovious to tl 
signing of the oontraot. 

Execution oit Work. 

Setting Kerb. — All kerbstones are to bo properly laid on a goo 
foundation of Portland oomont concrete, as previously described, 1 
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inches wide and 6 inches thick, the ground to be excavated to the 
necessary depths and widths, and an even and regular bottom formed 
with a cross-fall of J inch towards the channel, and in such lines and in 
such positions and levels as the surveyor may direct. 

Channelling. — The channelling to be formed with 12 inches by 6 
inches Norway granite, as before described ; the ground to be excavated 
to the necessary depths and widths, and an even and regular bottom 
to be formed to the falls and levels given , a bed of Portland cement 
concrete, as before described, to be laid 12 inches wide and 6 inches 
deep, on which the granite channelling is to be laid and well bedded 
while the concrete is in a mastic state. The cross joints and those next 
the kerb to be well flushed up with cement grout ; all traffic to be kept 
ofl the channel for forty-eight hours after its completion The highest 
point in the channel to be inch below top of kerb, and an even and 
regular rate of inohnation to the gullies is to be given to the surface of 
the channel. 

Grossings. — ^The crossings of roads and gateways are to be formed of 
setts of the sizes previously specified, and on the widths shown on 
drawings They are to be laid on a foundation of 6 inches of concrete, 
on which sand is to be laid J inch in thickness, on which the granite 
setts are to be laid in courses and straight lines, and the joints filled 
with cement grout, and properly rammed to a solid bed with a regular 
curve to the channels The traffic of all kinds is, as far as possible, 
to be kept ofl crossings for four days after they are completed. A 
course of 7 inches by 6 inches by 12 inches dressed granite setts is to be 
laid as a binding course on both sides of street crossings. 

Footways. — Excavate and cart away earth from footways and be- 
tween kerb and back line (average width 6 feet) to an exact depth of 

inches below the finished surface of paving. Two inches and a half 
of clean ohnker ashes are to be laid on the prepared foundation, and well 
rolled to receive paving slabs. 

Any York stone required for paving the footways is to be new white 
York stone of a full and uniform thickness of 2J inches throughout, to 
be sound and hard, of a uniform and close texture, free from sand holes, 
flakes, laminations, and other defects, and to dry after rain of a uniform 
light colour. Each stone to be properly dressed to a level and true 
surface, and the joints to be tooled square 

No new stone is to be of a less area than 4 feet super, and shall not 
measure less than 1 foot 8 inches in its smallest dimension when de- 
livered on the works. 

The artificial stone to be of the best of its kind, of a uniform thick- 
ness and size, the stone to be sound and hard, with sharp arrises, free 
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fri)in iniporfiM'.t.ioiiH o£ ovory kind. No stono will bo aooeptod wlioh has 
in Mtor.k f<»r il k'WH pj^riod than hIx montliH Tho stone will have to 
sustain a load of om* ton lu^twtsui siipiioTts, 2 foot apart, without break- 
ing or sliowinjj; any si^im of fnudure. The atone for testing will be 
tak«‘n from tin* works, and should 13 iK‘r oont. of the stones so tested 
not hold luit Ui tin* above retpurements, the whole of the stones, of which 
t.hes<* test Hi ones form a sample, will be uoiulenincd, and must be taken 
nlT tlio j^round innuediately upon notice from the surveyor. 

'riio ^rout for the artitieial stone is to be eoinposed of equal parts of 
blue lias nr gre y-Htt)iie lime and water well mixed together. 

Carriageway. The whole of the present surface of the carriageway 
is to he eleared of mud, sloj), and dirt, and excavated to the required 
deptli below tin* level of the finished surface of the road. The excavated 
uiiiterial is I 0 Is* sf.reeued through a sieve of 1-inch mesh, and the residue, 
if Hiiitable, and which may be defined as hardcore (see Clause 14, p. 265), 
used as liarde.ort* topping in such ])laces and tliicknoss as the surveyor 
dirt'ots. 'fin* material passed through the sieve 10 to be moved from 
the works by the contractor. 

A trenail at least 20 feet long and the full width between kerb lines 
\H to he kept clear of hard con* during the progress of the excavation. 

Hardooro in to be spread over the carriageway to a depth of 12 
imdies when consolidated by rolling, and the surface so formed is to be 
mlleil until oonsolidatod, or as may be required by the surveyor. 

The surface of the hardcore is to be covered with two layers of 
inaoftdani, as jireviously desoribed, each layer 3 inches thick when oon- 
Holidated by rolling, and a steam-roller, of not more than twelve tons 
in weight, is to roll each layer until the whole is consolidated, before 
chippingH, hoggin, or water is added, Granite ohippings arc then to be 
Hpmad over each layer, the last to have also a small quantity of hoggin, 
and water added so as to make a grout, which is to be swept into the 
ftpactoH hotweon the stones until they are filled. Duri^^g this operation 
the Kteain-roller is to roll the surface until the mass of broken stones 
and grout is thoroughly consolidated, and the finished roadway in 
oentro is not to be more than 4J inches above kerb level. 

The oarriageway so formed is then to be as far as possible protected 
from traffic for three olear days after it is finished, or for a further time 
if required. The contour of the oarriageway when finished shaU be 
evenly and regularly curved to the levels given from the channel against 
the faoe of the kerbstone on either side to the centre of the oarriageway, 

as shown on detail drawing. • i. j -u j 

The gullies to be stoneware gullies of an approved type, with dished 
bottoms, 1 foot 6 inches diameter inside, and 4 feet deep from the top 
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of tlie gully. Eaoli gully will be tested by filling witli water, and those 
that leak or have any other defects will be condemned and must be 
taken ofi the works at once. They are to be set and surrounded 111 
cement concrete 6 inches thick, as previously described, and to be fixed 
while the concrete is in a plastic state, the finest of the conorete to bo 
selected for this purpose, and no oonorete with large stones will be 
allowed to be used. 

The iron gully gratings, as per detail drawing, or of an approved 
make, to be provided and £Lxed and well bedded in cement, oare to be 
taken that it has a true and even bearing on the York stone ; the stone 
must nowhere come in contact with the stoneware gully ; the outlet 
or swan’s neck to be bedded in conorete, as shown on detailed drawing. 

Excavate for and fix in the side of sewer, where necessary, a 6-inoh 
block flap-trap, and connect from same to swan’s neck with 6-inoh pipes 
jointed in neat cement, and provide and fix all necessary pipes, junctions, 
and bends. The whole to be earned out according to detail drawings, 
or as directed 

Make good the levels of the foot and carriageways of the adjoining 
streets so as to conform to the levels of the now work ; if necessary, 
relaying the adjoimng portions of the kerb, paving, channelling, etc., 
and providing new materials required to supply any deficiency. 

The whole of the works, on completion, are to bo cleared from 
rubbish, and all other things used on, or ansing from, the execution of 
the work, shall be cleared away, and the work left in a clean, neat, and 
tidy condition. 


SPECIFICATION OF WORKS TO BE DONE AND MATEEIALS 
EMPLOYED IN CONSTRUCTINQ WOOD-PAYED ROADWAY. 

1. Sand.— The sand is to be pit or Thames sand of the best quality, 
clean and sharp, ai?.d tree from loam or clay. 

2. Thames Ballast.— The Thames ballast is to bo clean, the stones 
are to be regular in size, and the proportion of sand to stones is to bo 
to the satisfaction of the surveyor 

3 Cement. — The cement is to be best Portland cement, complying 
with the British Standard Specification, of a pale grey colour, specific 
gravity of not less than 3-16, or 3*10 one month after grinding, and 
capable of sustaining an average tensile stress of not less than 400 lbs, 
per square inch of sectional breaking area seven days after gauging and 
immersion in water twenty-four hours after gauging, and 600 lbs. per 
square inch of section twenty-eight days after ganging, and is to be 
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dolivored into tho worka in saokw, weigliing 200 lbs. net, marked witli 
the manufacturer’s name. It is to bo ground so that, when sifted in a 
sieve of 6770 meshes to the square inoli, there shall not bo a residue of 
more than 3 per cent. fiuiii(‘ient cement is to bo stored in or near the 
works for a fortnight’s use fourteen days before the (iommencenient of 
the work, and an equal quantity is to remain stoR'd during tho progress 
of tho work until only suilioient work remains to be completed to use up 
the oemont stored diiruig th(‘ work. The eement will in all cases be 
tested by tho surveyor with Adie’s testing nuichine, and tho average 
taken of at least six tests, and any rejected by liim is to be at once 
removed from the work without any question being raised. 

4. Concrete. — The ooncrcto is to consist of 1 part of Portland 
oemont and 6 parts of clean Thames ballast (large ston(\ to bo in no 
greater proportion than GO j)er cent.), tho parts being asoeriained by 
meaauremont of their voliimo in pro])er moasuros, thoroughly mixed 
together in a dry state on a timber stage not less than 10 feet by 10 feet 
for half a cube yard of concrete ; water is then to be added from wator- 
oan through a rose, and the whole again thoroughly mixed until a jiroper 
consistency is obtained. If the (\onoreto has eommoiicod to sot before 
being used, it is not thereafter to be used except as ballast. 

5. Cement Grout. — The cement grout is to he made of 1 paii; of 
Portland cement, as desoribed, and 3 parts of clean sand (tho parts 
being ascertained by measurement of their volume in projjer measures), 
thoroughly mixed together in a dry state on a proper banker, and made 
as provLOUsly desoribed for concrete, 

6. Cement Mortar. — Tho oemont mortar is to be composeci of 1 
part of Portland cement, as before described, and 3 parts of oloau, 
sharp sand mixed on a proper hanker, as previously desoribed for the 
concrete, and used while fresh. 

7. Thames Ballast for Top Dressing.— The Tliamos ballast for top 
dressing is to be crushed and then sorecnod through a l-inoh mesh 
sieve. 

8. Excavation. — Exoavato the whole of tho (jarriagoways as directed,* 
including crossings, channellings, etc., wherever necessary, to the proper 
depths and levels as required, carefully aei)aratfl tho macadam, sot aside 
for re-uso, fill into contractor’s carts, and deposit where directed within 
a radius of one mile from the job. 

9. Strip Boads. — Carefully strip roads of all old wood blocks and 
cart away to wharf, depot, or where directed. 

10. Existing Channel.— The existing granite kerb, or sett channels, 
paved areas, binding courses, crossings, and oouoxeto under, where 
described or necessary, is to be taken up and carted at the contractor’s 
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expense to tie wiarf, depot, or as directed. So mnoli of tie existing 
kerb as approved by tie surveyor is to be set aside, rejointed, and relaid 
on Portland cement concrete 6 inobes thick, making out with new 
12-inoh by 8-inoh kerb to be obtained from the Borough Council. 

11. Floating. — The surface of all existing floating is to be picked 
perfectly free from all pitch, asphalt, old floating, soft concrete, etc., in 
such a manner that the new floating will not alter the existing contour 
or increase the height of existing foundations unless otherwise directed ; 
the same is then to be brushed clean and free from dust, well drenched, 
and finished with a floated surface, f inoh m thickness, composed of 
1 part Portland cement to 3 parts sand, as described for cement 
grout. The surface of new concrete to be finished in a similar manner 
with proper and approved contours and with satisfactory falls to gullies. 
The finished level of this surface to be exactly 6 inches below and parallel 
to the intended surface of the wood pavement. All floating after com- 
pletion to be left exposed for seven days or longer, as considered necessary 
by -the surveyor. 

12. Laying of Wood Blocks. — ^After the rendering specified above 
has been laid sufficiently long to become thoroughly hard and set, it is 
to be brushed clean, the block to be dipped in a hot mixture of pitch 
and creosote, or anthracene oil, and then to be quioMy laid in position, 
butt-]ointed, and in parallel courses across the road. 

13. Wood Blocks. — ^The timber from which the blocks are to be out 
shall be carefully selected fourth Swedish, close-grained, yellow deals, 
bearing the shipper's mark, and which must be described in the current 
Timber Trades" Journal List. The blocks shall be of uniform size and 
weight and uniformly cut. The timber shall, before being out, be sub- 
mitted to the surveyor or his representative, and no blocks shall bo 
sawn from timber of which the surveyor or his representative has not 
signified his preliminary approval. Pour samples sealed and marked 
with the contractor’s name and shipper’s marks shall bo left at the 
surveyor’s office for his examination with the tender, and any blocks 
.which may be brought on to the works and which may be inferior to 
these samples may be rejected by him. The surveyor or his representa- 
tive shall have full power to reject any blocks, either at the cutting yard 
or at the oreosoting works, and he shall also have power to reject any 
blocks after delivery on to the site of the proposed works, or at all or 
either of these places, whether creosoted or not, or which are not creosote d 
in a satisfactory manner, or to the extent of 10 lbs. of creosote to the 
cubic foot of timber, or with a satisfactory quahty of creosote. The 
blocks when out shall be truly square and shall measure 9 inches by 
6 inches by 3 inches ofE the saw. The annular rings shall not be less 
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than 10 to the inch, not more than 2 inohea of sapwood shall appear 
in any block, and the poroontago of such in bulk shall not exceed 15 
They shall also bo free from largo, loose, or dead knots, shakes or othci 
defects, and shall Jiot contain more tlian 5 per cent, of wanoy edges 
Timber that has not been properly stored and become dry will not be 
accepted. Caro must be taken to prevent the Hooka from becoming 
wet, as any in such a condition, either from rain, bilge water, or othei 
causes, must not bo orcoaoto.d. 

14. Oreosotlng. — Tlie Council shall appoint a representative tc 
examine the blocks, who shall have power to cause the Hocks to be 
spread on .the ground before being creoaoted, and to out or mark as 
arranged by the surveyor any Hook he may reject. The blocks after 
being approved may then be oroosotod, a sample lot with each charge 
being weighed both before and after the process. The creosote to be 
forced under pressure into them until they have absorbed an amount of 
10 lbs, to each cubic foot, and in siioli a manner that any block split 
open will show the creosote to have penetrated right through. 

16. Creosote. — The creosote is to be a liquid heavy oil of tar, com- 
monly called oroosoto, and is to contain not loss than 8 per cent, of tar 
acid. It will be subjected to analysis, and the contractor is only to 
use such as may be approved by the analyst. 

16. Expansion Joint — ^The contractor shall provide wooden battens 
IJ- inches wide by the depths of the blocks, which shall be used in the 
ohannel against the kerb, and the blocks shall bo paved up to it. After 
the paving has been grouted in, these battens shall be withdrawn and 
the space left shall be filled in with olay and gravel as directed. 

17. Examination of Blocks. — ^Aftor the wood Hooks are in position 
they will be examined by the surveyor, and no portion of the paving is 
to he grouted in with either the asphalt or cement until this examina- 
tion has been made and sanction given for the grouting to commence. 

18. Composition between Joints.— Approved pitch or bitumen is to 
bo heated and run between the blocks to a depth of 3 inches as directed. 

19. Cement Grouting. — The blocks are then to be grouted with cement 
grout until the joints are thoroughly filled, 

20. Protect lor Forty-eight Hours.— After the completion of the 
grouting the work is to be protected for at least forty-eight hours before 
the road is thrown open for traffic, 

21. Crossings. — ^At the intersection of other streets the crowns of 
the adjoining streets are to be adjusted to run into the crown of the 
roadway that is being paved for that purpose, and whenever it may be 
necessary, the existing roadways or part or the whole of the orossings 
to the adjoining streets are to be taken up and relaid with similar 
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matenala or with new blocks as directed, malting good witli new whore 
necessary in the opimon of the surveyor without any extra ohurgo over 
the amount of the contract At such intersections the wood blocks are 
to be laid diagonally, as may be directed by the surveyor. 

22 Binding Courses. — Two courses of 7 inches by 5 inohos by 3 
inches granite setts laid on 6 inches concrete are to bo laid as a binding 
course wherever the wood pavement would otherwise abut against a mac- 
adam road. The contractor may retain, re-dress, and re-use sufficient of 
the old setts on the works for this purpose as approved by the surveyor. 

23. Two Coatings of Siftings. — After the road has boon inspected a 
coating of f-inch crushed ballast for top dressing as specified is to bo 
spread over the wood pavement, and the pavement is to remain fenced 
in as desonbed, before the road is thrown open to the traffic. An addi- 
tional coating is afterwards to be spread over when directed, 

24 Facilities to be afforded for Traffic and Passengers. — The work shall 
be done at such times and in such portions as the surveyor shall direct, 
and the workmen shall at all times afford such facilities for local traffic 
or the convenience of shopkeepers as may be directed by the surveyor, 

26. Wood to be laid to Proper Palls.— The contractor must lay tho 
blocks to such levels as are sufficient to satisfactorily convey away all 
water that may collect on the surface and in the channels at any time, 
and the work will not be taken over by the Council until this is dom 
to the surveyor’s satisfaction. 

26. Contingencies. — Provide the sum of £ for oontingonoioa. 

This sum to be deducted in whole or part from tho contract as may he 
directed. The contractor must fill in the annexed schedule so far as 
the items refer to any portion of this contract. 

27. Incidental Works. — The contractor’s price per superficial yard 
for supplying and laying wood blocks 9 inches by 6 inches by 3 inoho s 
off the saw is to include for all necessary cuttings, raising manhole tops, 
ventilators or other covers, stop-cook boxes, gully tops, making good 
to existing wood paving, relay crossings, binding courses, and all works 
incidental thereto and necessary in order to leave a perfect and satis- 
factory ]ob. 


SPECIFICATION OF WORKS TO BE DONE AND MATERIALS 
TO BE SUPPLIED IN CONSTRUCTING A TWO-COAT 
BITUMINOUS PAVEMENT. 

Materials* — ^As described in previous specifications, 

Kerbing, channelling, footways to be carried out in accordance 
with the methods described in previous specifications. 
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Foundation of Carriageway. — The suhatructiire to ho oomposod of 
dry hard material capable of supporting a steam-roller weighing 10 tone, 
with driving wheels of a tiro width of 1C inches, without leaving an 
improHsion of its track on th(‘ surface. Any soft permeable material 
fco bo removed to a <Lopi.h of at least 6 inehes, and replaced with 
broken stone, hardcore, clinker, or other suitable or approved 
material . 

Base Coat (or Binder Course). — Upon the surface so provided is to 
bo placed a coat of bituminous macadam (or asjihaltio concrete) laid 3 
inches thick, the ooiitro of the road to bo brought to siioh a level above 
the cliannel as to allow a fall from the oc.ntrc to the channel at the rate 
of I inch to tlie foot. 

Tho bituminous material is to bo brought to the road in a hot con- 
dition, laid whilst still liot, and subsequently rolled with a steam-roller 
(described above). The* roller is not to be taken on to tho material 
whilst it is very hot, but not at such a late period that tho composition 
has HO cooled as not to allow of proper oomprosaion, and thus render 
the rolling ineffective. Generally tho rolling should be continuous with 
the laying, but at a diatanoo away. 

The material must bo rolled longitudinally and oroas-rollod. 

Tlie surface of tho rolled composition is to be kept as clean as possible, 
no traffic of any kind is to be jiermittod upon it. 

If tho composition whilst it is lieing rolled shows signs of cracking 
or waves under the roller, tho subatruoture is defective and the section 
must bo removed together with the substruoturo and replaced with 
hardcore or e.onoreto and the section replaced with the bituminous 
oomj) 08 ition. 

Composition of the Base Coat (or Binder Course).— The aggregate 
to be composed of suitable hard-stone clinker or a combination to be 
approved by the engineer. Tho size of the material varies : 60 per 
cent, must pass a 2J-inoh mesh sieve and be retained on a f-inoh 
mesh sieve, 30 per oent, must pass through a J-inoli mesh sieve and 
bo retained on a i-inoh mesh sieve, the remainder to be sand and fine 
dust. 

This material must bo heated to a temperature of about 426® F. 
and then taken to a mixer — tho temperature at the mixer to be about 
326® F. ; hero it must have added to it about 8 per cent, of a prepared 
bitumen or tar which will have a penetration of approximately 120 
at 60® F. 

Composition ol the Tar, eto.— Tho tar-binding agent will bo approxi- 
mately composed of — 
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Dehydrated tar (Engineering Standards No. 2) 

. 68 

per cent. 

Pitch 

. 28 

>9 

Trinidad Lake bitumen ... 

7-6 

>9 

Resin 

. 1-6 

99 

Lime (dehydrated and in powder form) . 

. 4-0 

100-0 

99 


Tlie proportions may have to be varied according to the- consistency of 
tar and pitch that is used. 

The Mixing Mill in which the aggregate and bituminous agent is 
mixed together is a mill having twin revolving horizontal shafts on 
which are placed fixed blades which reach to within 1 inch of the bottom 
of the mixer. The shafts run in opposite directions, and thus is ensured 
a thorough coatmg of the aggregate. 

The bituminous composition must be in sufficient quantity to 
thoroughly coat each particle ; the mixing should be complete in IJ 
minutes As soon as the mass is properly coated, the bottom of the 
mixer is opened and the material dropped into the vehicle waiting below. 

If bitumen is to be used as the binding agent it must be suitably 
fluxed with oil to bring it to a similar consistency, i.e. a penetration of 
120 at 60° F., the weight to be 100 grms. and the time 1 second. 

The mass when laid and rolled on the road should form a dense and 
compact concrete ; the surface will present a number of small crevices. 
These crevices will act as a Irey for the surface coat which is to bo laid 
on it subsequently. 

For the spreading of the material prior to it being rolled, the men 
engaged on the work must be provided with rakes and shovels which 
are to be kept hot in order to facilitate the spreading and permit the 
work being expeditiously carried out. 

Wearing-Surface Coat. — ^The asphalticcomposition which is to form the 
wearing surface is to be composed of suitably graded minerals and bitumen. 

The approximate analysis is as follows : — 


Bitumen 


. 

12 

per cent. 

Passing 

200 mesh 

. 10 to 17 

» 1 

99 

100 

99 

. 10 „ 16 

„ > 35 to 40 per cent 

99 

80 

99 

. 10 „ 16 

» J 

99 

50 

99 

. 26 „ 60 

» 1 

99 

40 

99 

. 6 „ 10 

» >36 „ 46 „ 

99 

30 

99 

. 6 „ 10 

.. ■) 

99 

20 

99 

6 „ 10 

» ) 

99 

10 

99 

. 6 „ 10 

» >16„26 

retained on 

10 

II 

. 1 „ 6 

.. i 
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Tlio actual grading must bo submitted to and approyed by the 
engineer, who may order or permit a modifioation. 

Each of the particles must be clean, sharp, and free. 

Of the 200-mesh material a largo proportion, i.c. 8 per cent., shall 
not, when placed in a flask about C inches high which has been filled 
with distilled water at a tomj)erature of 77® ]?., after being vigorously 
agitated, subside to the bottom of the flask within fifteen seconds after 
tbe agitation has ceased, 

The Bltameii to bo employed shall bo free from moisture or decom- 
posed organic matter, homogeneous, and present an oven, regular glossy 
faoG when placed in u sample tin and allowed to cool. 

The penetration of a No. 2 cambric noodle, weighted with 100 grms. 
at 1 second, should be GO at 77® F.,as indicated on a Bower penetrometer, 
not less than 3 at 32® P., and not more than 200 at 120° F. 

The loss on heating for seven hours at 325® F. shall not be greater 
than 4 per cent. 

The loss on heating for seven hours at 400° F. shall not be greater 
than 8 per 0 (mt. 

It shall be soluble in 88® naphtha to the extent of not loss than 60 
per cent, or more than 75 per cent, of total bitumen soluble in carbon 
bisulphide. It shall not be more than per cent, less soluble in carbon 
tetrachloride than in carbon bisulphide, both tests being made at air 
temperatures. 

The amount of fixed carbon shall not exceed 15 per cent., and the 
amount of paraffin soalo not to exceed 3 per cent. 

The film of bitumen on each surface of the partiolos employed in 
the composition shall not be loss than *00065 inch thick, oaloulatod 
according to the table on ])age 190 of this book. 

When the mixing of the aggregate and bitumen has been made and 
a batch deposited in the vehicle, a sample shall bo taken from the 
bulk and a i)at-papor tost made ; the stain left on glazed paper shall 
approximate closely to that shown on Plato II., page 202, of this book. 

The materials, mixing, and the teats shall bo made by the engineer 
or by the oontraotor at his expense, and the whole of the manufacture 
shall bo open to the inapeotion of tlie engineer at all times during the 
progress of the work. 

The heating of the aggregate shall bo brought to a temperature of 
about 400° F., and shall bo mixed in the mixer (already desoribed — the 
blades in this ease will reach within J inch of the bottom of the mixer) 
at a not lower temperature than 320® F., and to such an extent that 
each particle is properly and thoroughly coated and the composition 
issuing from it homogeneous. 
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The wearing-surface coat shall be laid so as to give a rolled thickness 
of 1 J inches. The composition must be delivered at the road in vehicles 
suitably insulated so that the temperature of the material when de- 
posited is not lower than 25(5° F It must then be properly spread and 
pushed into position by hot rakes in suoh a manner as to facilitate a 
homogeneous mass being secured when it is rolled. The surface is to 
be rolled while still in a moderately hot state with a 6-ton tandem roller.i 
the roller wheels to give not more than 260 lbs. to the inch run of tread. 
Longitudinal and cross rolhng to be done until the surface is oven and 
regular 

If the surface shows signs of fine oraoks, it will indicate that the 
understructure is unsatisfactory, and this area must be taken out and 
replaced with such material as will give the necessary results. Any 
areas which show the composition to be non-homo geneous must bo 
filled up with hot material and ironed hot to an even face. 

Samples of the pavement when laid shall from time to time Ijo taken 
from the road after the wearing surface has been laid and tested by 
analysis and grading. The results must conform to the speoifiod analysis 
in such a manner as will be approved by the engineer. 


BRITISH STANDARD NOMENCLATURE OF TARS, PITCHES, 
BITUMENS, AND ASPHALTS WHEN USED FOR ROAD PURPOSES.a 

Introductory Remarks. 

The materials now used by road engineers for binding together the 
stones and other mineral aggregate used to form road crusts and road 
surfaces may be conveniently divided into three groups. Those an* 

1. The tars and pitches obtained by tbe destructive distillation of 

coal or similar substanoes. 

2. The bitumens and asphalts which are found in nature, or are 

obtained artificially from asphaltic oils. 

3. Chemical binders, including the Portland and natural cements, 

which owe their cementing value as road binders to ohemical 

action, and which are not dealt with in the present report. 

1 There is a divergence of opinion on the weight of roUer ; the ordinary 10-ton 
roller has been need on the weanng-anrfaoe nurture and it has given excellent rosults 
from the point of view of “ finish ” to the surface, but whether^t wiU last as long 
IS doubtful, because the severer the compression the sooner will actual wear begin. 
On the other hand, it may assist m giving a less wavy surface. 

* Repr(^uoed by permission of the British Engineering Standards Association 
(formerly the Engmeenng Standards Committee) from their Report No 76 , 1910 . 
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Hitlierto tlio torm “ bitiiniinouR matenal ’’ lias boon loosely applied 
to tar products as well as to bitumens and asphalts, but the Committee 
have from the first oonsidored that it was desirable from the road 
engineers’ point of view to maintain a sharp lino of demarcation between 
the two groups. The views put forward in correspondence from America 
and by American engineers of standing and experience have been care- 
fully oonsidored, but the Oommittce still adliere strongly to the view 
that the description “ bituminous ” should be applied only to the 
second group 

In this country the first group of road hinders, the coal tars and 
pitches, has been in use for many years, and as the Road Board in 
1911 issued Specifications for the tara, tar oils, and pitches, which they 
recommended for road purposes, these materials have already to some 
extent been dc^finod by those Specifications. The Road Board early 
in 1914 issued a second edition of these Specifications. Only two 
classes of tar and one elasa of pitch are dealt with, and as these Speci- 
fications ar(‘ of such n^ocuit date, the Committee recommend that they 
bo adopted provisionally as the British Standard Specifications for 
tars and pitches used for road work. 

The Committee find that the choice of names for the second group 
of road binders is a matter of some difficulty. The difficulty is in- 
oreasod by the fact that whilst it is desirable to obtain the con- 
currence of tlio American engineers to the nomenclature and 
definitions which the Committee now propose, the adoption of the 
American nonienolaturc» for the various matenala composing this 
gremp would bo liable to lead to oonfusion and niisundoTatanding in 
this country. 

The Committee have been very anxious to secure umformity with 
American practices, and have carefully and fully oonsidored the defini- 
tions ado])tod by the Aniorioan Society for Testing Materials, and 
by the Committee of the American Society of Civil Engineers, put 
forward by the Amerioen corresponding members, but it is felt 
that the definitions now decided on are preferable from the road 
engineers* point of view, as they are based on. those oharaotoristios 
of the materials which oan bo most readily verified whon employed 
for road making. 

In aooordanco with this view, the Committee consider that it is 
desirable to make a sharp distinction between ooal tar and paraffin- 
oil derivatives on the one side, and native bituminous substances and 
asphaltic oil residues on the other, and they are therefore unable to 
accept the American definition of bitumen which would include tho 
coal tars. 



268 


MODBEN BOAD OONSTETTOTION. 


\ 

J> 

Definitions. 

First Otouju 

TAR PRODUCTS (PRINCIPALLY COAL TAR AND I’lTUIf). 

Definition of Tar. — Tar is the matto<r (frcnul from wat.or) con- 
densed from tlie volatile products of tlio di^Htnustivi* dirttillation of 
Lydrocarton matter, whether this be ooutjiiiuul in CiOiil, wood, pi*at, 
oil, etc 

Prefix denoting Source of Origin or Method of Production. A [prefix 
such as “coal,” “wood,” “peat,” “gasworks,’* bhisi furimoc',” '*coki‘ 
oven,” eto., must bo added to the word “tar” to indicate the 
of origin or method of production. 

Definition of PitclL—Pitoh is the solid or semi-solid rosidui' from the 
partial evaporation of tar. 


Second Group, 

BITUMENS AND ASPHALTS. 

Definition of Bitumen. — Bitumen is a genorio term for a group of 
hydrocarbon products soluble in carbon disulphidt^, wliitdi either 
occur in nature or are obtained by the ovajjoration of aKplinltio 
oils. The term shall not include residues from i)nrairni oils or (toal-tar 
products 

Nom — Commoroial matemls may bo dosoribod as bitumen if Mioy contain not 
less than 98 por cent of pure bitumen as defined abf)vo. 

Definition of Native Bitumen. — Native bituimui is bituinon found 
in nature, carrying in suspension a variable proportion of mineral 
matter. 

The term “ native bitumen ” shall not be appli<^d to the residuals 
from the distillation of asphaltic oils. 

Definition of Asphalt. — ^Asphalt is a road mattudal onnsisting of a 
mixture of bitumen and‘ finely graded mineral matter. Tho mineral 
matter may range from an impalpable powdor up to material of 
such a size as will pass through a sieve having square holes of 
i inch side. 

Definition of Native or Rook Asphalt. — Native or rook asphalt is a 
rock which has been impregnated by nature with bitumen. 

Prefixes denoting Source of Origin. — The Committee recommend that 
for convenience of identification prefixes denoting geographically the 
source of origin should be attached to each of the four terms defined 
above. 
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Note. — The Comnittee desire to call attention to the fact that these 
SjpeciJications are intended to include the technical provisions 
necessary for the supply of the material herein referred to, h'wt 
do not pwrport to include all the necessary prcmsions of a 
contract, 

BRITISH STANDARD SPECIFICATIONS FOR TAR FOR 
ROAD PURPOSES. 

{Based upon the Road Board Specifications Nos. 4 and 6, and published 
with the approval of the Road Board,) 

Standard tar for road purposes in tlie United Kingdom shall bo 
speoifiod as under ; 

BRITISH STANDARD SPECIFICATION FOR NO. 1 TAR. 

General. — This tar is suitable for the surface tarring of roads. 

As to the use of this tar for making tar macadam, see “ Road Board 
Grenoral Directions for Surfacing with Tar Macadam.” 

Heating. — ^Thc tar should bo heated to such a temperature that it 
will roach the road Rurfa(^o in a highly fluid condition. The necessary 
temperature to attain this end will vary with the mode of application 
of the tar. The tar should bo heated in a heater or “ boiler ” specially 
designed to prevent frothing, which will otherwise inevitably occur if 
the tar contains oven a small percentage of water. The desired tempera- 
ture will generally bo found in practice to be between 220° and 240° 
Fahrenheit, or 104° and 116° Centigrade in the heater or boiler. 

Source of the Tar.— The tar shall bo derived wholly from the carbon- 
isation of coal, except that it may contain not more than 10 per cent, 
of its volume of the tar (or distillates or pitch therefrom) produced in 
the manufacture of oarburotted water gas. 

Speoiflo Gravity.- -The specific gravity of the tar at 15° Centigrade 
(69° Fahrenheit) shall bo as nearly as possible M9, and in no case shall 
it be lower than D16 or higher than 1’22. 

Freedom from Water and Ammonia.— The tar shall bo commercially 
free from water, i.e, it shall not contain more than 1 per cent, by 
volume of water or ammoniaoal liquor, which water or liquor (if present) 
shall not contain more ammonia, free or combined as carbonate or 
sulphide, than corresponds to 6 grains of ammonia per gallon (=» 70 
milligrsmmes per litre) of the tar. 

The arnount of water or liquor is to be determined by condensation 
from the products of distillation of the tar by cooling with a cold-water 
condenser. Any water so condensed, after measurement, should be 
separated from light oils whioh may have condensed with it, and the 
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amoimt of ammonia in it sliould be estimated by direct titration with 
standard acid. The amount of ammoma thus determined should bo 
oalculated in terms of grains of ammonia per gallon of tar. 

Fractionation. — On distillation in a htre fractionating flask (a dis- 
tillation flask without special fractionating column) one-half to two- 
thirds filled the tar shall yield the proportions by weight of distillatcH 
stated below, the temperatures of distillation being read on a ther- 
mometer of which the bulb is opposite the side tube of tlio flask : — 

Below 170° Centigrade or 338° Fahrenheit, not more than 1 
per cent of distillate (light oils), exclusivo of water. 

Between 170° and 270° Centigrade or 338° and 518° Fahren- 
heit, not less than 16 per cent, and not more than 26 per cent, of 
distillate (middle oils). 

Between 270° and 300° Centigrade or 618° and 072° Falmsu- 
heit, not less than 3 per cent, and not more than 10 per cent, of 
distillate (heavy oils). 

The total distillate between 170° and 300° Centigrade, or 338° and 
672° Fahrenheit, shall be not less than 24. per cent, and not more tlian 
34 per cent. ; i.e. where the middle oils approach the maximum allowed, 
the heavy oils should approach the minimum allowed, and vice versa 

Naphthalene. — The distillate between 170° and 270° Centigrade, or 
338° and 618° Fahrenheit (middle oils), shall remain clear and fnu^ 
from sohd matter (crystals of naphthalene, etc.) when maintained at a 
temperature of 30° Centigrade for half an hour. 

This requirement may be waived in the case of tar supplied direct 
from gasworks, but the tar from which the naphthalene has been ex- 
tracted is preferable to tar containing much naphthalene. 

Phenols.— The distillate between 170° and 270° Centigrade, or 338° 
and 618° Fahrenheit (middle oils), shall not yield to caustic soda solution 
more crude tar acids (phenols) than is equivalent to 3 per cent, by 
volume of the tar. 

The following is the standard method of estimating the crude tar 
acids : — 

Warm the middle oils to about 30° C. in a measuring cylinder. 
Weigh a flask of about 160 o.c. capacity ; pour 100 o.c. of the warm 
middle oils into it, and weigh again. The difierenoe gives the weight 
of 100 c.c of the middle oils. Warm the oils in the flask to 40°^50° 0. ; 
add to them 30 o.c of solution of caustic soda, having a speoifio gravity 
of about 1-2, shake the mixture vigorously and keep it at 40°-60° C. for 
fifteen i^utes. Then shake the mixture again vigorously for a minute, 
pour it into a stoppered- separating funnel, and allow it to rest therein 
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until the solution of oanstic soda has Hoparatful from tlio oil. If 
separation does not take place rapidly and distinctly it may bc^ fiunlita 
by adding 25 c c. of benzol to the mixture. Tlit\ soda solution friM* ft 
oil is drawn off through the tap of the funnel into a 10()-o,(i. lueuHur 
cylinder, and the oil is returned to the flask, and warinc‘d ami extnu*. 
with 20 0 c of solution of oaustio soda oxa<*,tly as l«‘fon‘. This m 
solution is also drawn off into the 100-c c. measuring cylindiu*, tin* v 
tents of which are made slightly acid by gradual addUitui, wit-h get 
stirring, of hydrochloric acid. The crude tar acids st*]>arate unci co 
to the top on standing, and their volume is read olT cm the wuile of 
measure. Since 100 o.o. of the middle oils was taken for the estii 
tion, the reading gives directly the percentages of crude tar ucitls in i 
middle oils. 

If w=volumc of tar acids found, ?t>=the weight in gratiinu's cd 1* c 
of the middle oils : {r=tho peroeniago (by weight) of mid<l](' (»ilH in 1 
tar, and s^thc specific gravity of the tar, then the pc»rocutuge by volu 

7t Qj S 

of crude tar acids in the tar is . 

w 

If 100 o.c. of middle oils is not available for (‘stiimition, a Huial 
measured volume may bo taken, and tlie (|uantititeH of soda soliitiou \u 
reduced in proportion. The necessary niodifunition of the cuile.ulafi 
of the result can bo readily made. 

Free Carbon. — The tar shall (mntain not 1 (‘hr than 12 per ci*nt. a 
not more than 21 per cent, by weight of free carbcui. Tim free curb 
is to bo detominod by the weight of the residing afti^r coni pie le c^xtri 
tion of all matter soluble in benzol or disulphicb’i of carbon. Tim c 
traction is best carried out in a Soxhlet or similar ai>paratUH by diHulphi 
of carbon followed by benzol. 

BRITISH STANDARD SPECIFICATION FOR No. 2 TAU. 

General. —This tar is suitable for making tu,r imicailani, uml al 
may be used for surface tarring in very hot W(uithor when tlm rni 
crust is e.xoeptionally dry. 

Heating. — For surface tarring the tar should be heated to Hunli 
temperature that it will n'.ach the road surface in a highly tlnid mi 
dition. The necessary temperature to attain thin end will vary wi 
the mode of application of the tar. The desired teinjmrature will 
generally found in practice to be between 2G0® and 280° Fahrenhi 
or 124° and 138° Centigrade in the heater or “ boiler.” The tar ahou 
be heated in a heater or “ boiler ” speoially dosignod to prevent frothin 
which will otherwise inevitably ooour if the tar contains even a »nu 
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percentage of water. Eor the preparation of tar macadam the tar will 
not generally need to be heated to so high a temperaturo as for surface 
tarring, but the necessary temperature should bo detenninod largely 
by the sensible heat of the stone treated with the tar, and tlie mode of 
apphqation or treatment. 

Source of the Tar. — ^The tar shall be derived wholly from the carbon- 
isation of coal, except that it may contain not more than 25 per cent, 
of its volume of the tar (or distillates or pitch therefrom) produced in 
the manufacture of oarburetted water gas. 

Specific Gravity. — ^The specific gravity of the tar at 15° Centigrade 
(69° Fahrenheit) shall be as nearly as possible 1'21, and in no case shall 
it be lower than 1-19 or higher than 1-24. 

Fractionation. — On distillation in a litre fractionating flask (a dis- 
tillation flask without special fractionating column) one-half to two- 
thirds filled, the tar should yield the proportions by weight of distillates 
stated below, the temperatures of distillation being read on a ther- 
mometer of which the bulb is opposite the side tube of the flask ; — 

Below 170° Centigrade or 338° Fahrenheit, not more than 1 
per cent of distillate (light oils and water, if any) 

Between 170° and 270° Centigrade or 338° an'd 518° Fahrenheit, 
not less than 12 per cent, and not more than 18 per cent, of 
distillate (middle oils). 

Between 270° and 300° Centigrade or 618° and 572° Fahrenheit, 
not less than 6 per cent, and not more than 10 per cent, of distillate 
(heavy oils). 

The total distillate between 170° and 300° Centigrade, or 338° and 
672° Fahrenheit, shall not be less than 21 per cent, and not more than 
26 per cent., i.e, where the middle oils approach the maximum allowed 
the heavy oils should approach the minimum allowed, and vice versa* 

Naphthalene. — The distillate between 170° and 270° Centigrade, or 
338° and 518° Fahrenheit (nodddle oils), shall remain clear and free from 
• solid matter (crystals of naphthalene, etc.) when maintained at a tempoia- 
ture of 26° Centigrade for half an hour. 

Phenols.— The distillate between 170° and 270° Centigrade, or 338° 
and 618° Fahrenheit (middle oils), shall not yield to caustic soda solution 
more crude tar acids (phenols) than is equivalent to 2 per cent, by 
volume of the tar. 

The following is the standard method of estimating the crude tar 
acids ; — 

Warm the middle oils to about 30° 0. in a measuring cylinder. 
Weigh a flask of about 160 o.c. capacity ; pour 100 c.o. of the warm 
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middle oils into it and weigli again. Tlio difEerence gives the weight of 
100 0 . 0 . of the middle oils. Warm the oils in the flask to 40°-60° 
add to them 30 o.c. of soliibion of oaustic soda, having a specific gravity 
of about 1-2, shake the mixture vigorously and keep it at 40°-60° C. for 
fifteen minutes. Then shake the mixture again vigorously for a minute, 
pour it into a stoppered separating funnel, and allow it to rest therein 
until the solution of caustic soda has separated from the oil. If the 
separation does not take plaoo rapidly and distinctly, it may be facilitated 
by adding 26 o.c. of benzol to the mixture. The soda solution free from 
oil is drawn off through the tap of the funnel into a 100-c c. measuring 
cylinder, and the oil is returned to the flask, and warmed and extracted 
by 20 o.c. of solution of caustic soda exactly as before This soda 
solution is also drawn off into the 100-o.c. measuring cyhnder, the con- 
tents of which are made shghtly acid by gradual addition, with gentle 
stirring, of hydrochloric acid. The crude tar acids separate and come 
to the top on standing, and their volume is read off on the scale of the 
measure. Since 100 o.c. of the middle oils was taken for the estima- 
tion, the reading gives directly the percentage of crude tar acids in the 
middle oils. 

If volume of tar acids found, w=the weight in grammes of 100 o.c. 
of the middle oils : scathe percentage (by weight) of middle oils in the 
tar, and s=the specific gravity of the tar, then the percentage by volume 

of crude tar acids in the tar is ■ 

. w 

If 100 0 c. of middle oils is not available for the estimation, a smaller 
measured volume may be taken, and the quantities of soda solution used 
reduced in proportion. The necessary modification of the calculation 
of the result can be readily made. 

Free Carbon. — The tar shall contain not less than 12 per cent, and 
not more than 22 per cent, by weight of free carbon. The free oarbon 
is to be determined by the weight of the residue after complete extrac- 
tion of all matter soluble in benzol or disulphide of oarbon. The extrac- 
tion is best carried out in a Soxhlet or similar apparatus by disulphide 
of oarbon followed by benzol. 

THE TESTING OF TAE. 

The compliance of a sample of tar with the British Standard Speci- 
fications for No. 1 and No. 2 Tars can be ascertained only in a ohemioal 
laboratory. But in oases where it is desired to ascertain in a quick 
and simple manner whether consignments of tar differ fundamentally 

18 
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from an approved sample, or wlietlier they are of the No. 1 or of the 
No. 2 grade, the following simple tests may be of service : — 

Specific Gravity. — ^The specific gravity may be ascertained 
quickly and with a sufficient degree of accuracy by means of a 
hydrometer, to the readings of which a correction for deviation nf 
temperature from the standard temperature of 16° Centigrade or 
69° Eahjenheit is applied A hydrometer for the range 1-1 6-1 -24, 
which is wholly made in nickel silver and will stand a reasonable 
amount of rough usage, is convenient, and this may be obtained in 
conjunction with a temperature corrector consisting of a substantial 
thermometer graduated to show directly the addition which should 
be made to the hydrometer reading when the temperatiirc of the 
tar IB above 16° Centigrade or 69° Fahrenheit. If a portion of the 
tar is poured into a suitable vessel, stirred, and the metal hydro- 
meter and temperature corrector inserted in it, the specific gravity 
of the tar at 15° Centigrade or 60° Fahrenheit is obtained in two or 
three minutes, even though the temperature of the tar at the time 
is considerably higher than 16° Centigrade or 69° Fahrenheit, 

The specific gravity of a tar is not by itself a sufficient indication 
of the utihty of the tar. 

Viscosity. — viscosimeter will show quickly whether a sample 
of tar is of the No. 1 or of the No. 2 grade, or whether a consign- 
ment differs fundamentally from an approved sample, but since vis- 
cosity of tar vanes greatly with its temperature, it is necessary that 
readings of viscosity, in order to be comparable, should be made at 
the same temperature. The temperature of 26° Centigrade (77° 
Fahrenheit) is a convenient standard temperature for observations 
of the viscosity of tar, and it is necessary before using the viscosi- 
meter that the tar should be exactly at this temperature and well 
stirred. In cases where serious disagreement is found between the 
viscosity of an approved sample and the viscosity of the tar as 
supplied, further examination of the latter should bo made before 
it is used. 

Water and Naphthalene. — ^If about a quart of the tar is poured 
into a vessel about 12 inches high, and the vessel is covered by a 
pieoe of ordinary glass and is left standing in a moderately warm 
room for twenty-four hours, flaky white crystals of naphthalene 
will be seen on the glass and the upper part of the walls of the 
vessel if there is a considerable amount of naphthalene in the tar. 
Globules of water also will be noticeable on the surface of the tar 
at the end of twenty-four hours if the tar contsdns a considerable 
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quantity of water. Sinee most tars contain some naphthalene and 
often a trace of water also, it is advisable when making this test 
to put alongside the portion of tar which is being tested a portion 
of the approved sample in a similar glass-covered vessel, and to 
compare tlio amount of naplitlialeno crystals deposited and of water 
separated from the two samples at the end of twenty-four hours. 


BRITISH STANDARD SPECIFICATION FOR PITCH FOR 
ROAD PURPOSES. 

( BohcA upon the Road Board Specijication No. 6, and published ivith the 
a 2 )pr(/iml of the Road Board.) 

Standard pitch for road purposes in the United Kingdom shall be 
specified as under : — 

BRITISH STANDARD SPECIFICATION FOR PITCH. 

General. — ^This pitch is suitable for pitch-grouting. See “ Road Board 
General Directions for Pitch-Grouting.*' 

Consistency. — Tho pitch is obtained of the required consistency most 
convemently by running it off from tar stills in which the distillation 
of the tar has been stopped at tho point at which tho residual pitch will 
give a penetration of 70 (or such other penetration as may be specified 
to suit climatic or local conditions) when tested at 25° Centigrade (77° 
Fahrenheit) on a ponotromoter. Harder pitch may bo softened or out 
back, in the still or in a mixer nt tho tar worics, to tho extent necessary 
for it to give this penetration, by tho addition of tar oil. 

Where pitch of tho required consistency is not thus directly pro- 
curable, it may be prepared by softening commercial soft pitch, by 
the addition of tar oil. “ Commercial soft pitch ” and “ tar oil ” are 
specified on pages 276 and 277. In preparing tho softened pitch m this 
manner the tar oil is addiid to the pitch in tho manner described under 
“ Instructions for Melting tho Pitch** in the ‘‘Road Board General 
Directions for Surfacing with Pitoh-groutod Macadam,*’ in such pro- 
portions that the resultant softened pitch will give a penetration of 70 
(or such other penetration as may bo specified to suit climatic or local 
conditions) when tested at 25° Centigrade (77° Fahrenheit) on a penetro- 
meter, with a No. 2 needle weighted to 100 grammes for five seconds, 

PREPARED PITCH FROM TAR DISTILLERIES. 

General Characteristics. — Pitch which has been procured of the re- 
quired consistency directly from a tar distillery needs only to be 
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thoroughly melted in the pitch heaters or boilers, but, as a precaution 
against burning, 1 to 2 per cent of tar oil may advantageously be put 
into the boilers with the pitch. 

Pitch which has been procured of the required oonsistenoy directly 
from a tar distillery shall not yield more than 4 per cent, of distillate 
below 270° Centigrade, or 618° Fahrenheit, on distillation as described 
below, and shall contain not less than 16 per cent, and not more than 28 
per cent, of “ free carbon,” as defined below. 

COMMERCIAL SOFT PITCH. 

Source of Pitch. — The pitch shall be derived wholly from tar pro- 
duced in the carbonisation of coal, except that it may contain not more 
than 26 per cent, of pitch derived from tar produced in the manufacture 
of carburetted water gas. 

Fractionation. — On distillation in a Htro fractionating flask (a dis- 
tillation flask without special fractionating column) one-half to two- 
thirds filled, the pitch shall yield the proportions by weight of distillates 
stated below, the temperatures of distillation being read on a ther- 
mometer of which the bulb is opposite the side tube of the flask : — 

Below 270° Centigrade or 618° Fahrenheit, not more than 
1 per cent, of distdlate 

Between 270° and 316° Centigrade or 618° and 699° Fahrenheit, 
not less than 2 per cent, and not more than 6 per cent, of distillate. 

Free Carbon. — The pitch shall contain not less than 18 per cent, and 
not more than 31 per cent by weight of free carbon. The free carbon 
is to be determined by the weight of the residue after complete extrac- 
tion of all matter soluble in benzol or disulphide of carbon. The extrac- 
tion is best carried out in a Soxhlet or similar apparatus by disulphide 
of carbon followed by benzol. 

TAR OIL. 

Source of Tar Oil, — ^The tar oil to be used is preferably a filtered 
green or anthracene oil, and shall be derived wholly from tar produced 
in the carbonisation of coal or from such tar mixed with not more than 
26 per cent of its volume of tar produced in the manufacture of oar- 
buietted water gasT 

Specific Gravity.— The specific gravity of the tar oil at 20° Centigrade 
(68° Fahrenheit) shall lie between 1*066 and 1*086. 

Freedom from Naphthalene and Anthracene.— The tar oil after stand- 
ing for half an hour at 20° Centigrade (68° Fahrenheit) shall remain 
clear and free from solid matter (naphthalene, anthracene, etc,). 
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Fractionation. — ^The tar oil shall be oommeroially free from light oils 
and water. On distillation in a litre fractionating flask (a distillation 
flask without special fraotionating column) one-half to two-thirds filled, 
the tar oil shall yield the proportions by weight of distillates stated 
below, the temperatures of distillation being read on a thermometer 
of whioh the bulb is opposite the side tube of the flask ; — 

Below 170° Centigrade or 338° Fahrenheit, not more than 
1 per cent, of distillate (light oils and water, if any). 

Below 270° Centigrade or 618° Fahrenheit, not more than 30 
per cent, of distillate (middle oils, and light oils and water, if 
any). 

Below 330“ Centigrade or 626“ Fahrenheit, not less than 96 
per cent, of distillate (heavy oils, middle oils, and light oils and 
water, if any). 
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Abraaon, 64, 61. 

Absorption of moisture, 107, 108. 
Adhesion of tar, 107, 108, 111. 
Advantages to motors, 8. 

Aggregate, 163, 165 
Aid, State, 48. 

Air spaces. See Voids. 

Ammonia, 269 
Ammoniaoal liquor, 100 
Analysis, weight, 187 

— volume, 187. 

— of paving mixture, 209-213. 

Angle of di^bution, 84 
Anthracene, 276 

— oil, 100, 101, 102, 103, 105, 106, 110, 

121, 161, 159 
Apparatus, 202-213. 

Archangel timber, 228. 

Areas badly drained, 57. 

Arterial roads, 39, 45 
Asphalt, 17, 19, 36, 37, 43, 03, 64, 77, 
88, 122, 126, 163, 164, 210, 231, 232, 
247, 266, 268 

— advantfLge of, 22, 62, 122 

— allocation of wear, 78, 79. 

— bitumen m natural, 191, 232. 

— cement, 136, 264. 

— compression of, 86, 193, 220. 

— coat, 80, 81, 262. 

— oreepmg of, 88 

— defects m, 127 

— life of, 81, 246 

— limit of grade, 12, 16. 

— mastic, 166, 192, 232. 

— perfect, 146. 

— refined, 136. 

— repair of, 181 

— rook, 123, 231, 248, 249. 

— tractive effort on, 17. 

— traffic on, 13, 79. 

— voids in, 86, 188, 191, 192, 193, 

221 

— wheel effects on, 36, 37. 

Asphaltenes, 126. 

Asphaltic non-bitumens, 132 

— flux, 136. 

Asteophalte, 134, 135, 164 
Atmospheno conditions, 63, 112, 114 
136, 163, 180, 181, 232. 


Attntion test, 69, 60. 

— internal, 230. 

Axle weight of vehicles, 27, 29, 32, 33, 34. 


Baku pitch, 134 
Barbodoes manjak, 132. 

Base coat, 177, 178, 263. 

Bavaria, regulations of vehicles, 23. 
Belgium, road maintonanoo in, 47. 

Bonds, 39. 

Benzine, 101. 

Bermudez bitumen, 128, 129, 130, 131, 
142-4. 

Binder course, 263 

Binding agent, 264. See Moistiiro, Tar, 
Bitumen, etc, 

— course, 262. 

Bitumen, 122, 124-60, 172, 173, 174, 177, 
196-200, 266, 266, 268. 

— Bermudez, 128. 

— Calif orma, 126. 

— in concrete, 149, 176, 186, 180, 100, 

263. 

— Cuban Bejuoal, 128-31, 141. 

— expansion and contraction, 180. 103. 

104. 

— filler m, 131, 136. {See mineral 

matter in.) 

— fluxed, 136, 136, 179, 180. 

— Maraoaibo, 128, 129, 130, 181 

— Mexico, 126. 

— mineral matter in, 130, 131, 136, 141, 

142. 

— native, 122, 126, 136, 146. 

— prepared, 136-177. 

— soluble in CSj, 126, 128, 129, 133, 134, 

141, 140. 210, 212. 

m CCI4, 128, 130, 132, 133, 184, 149, 

213. 

— standard, 126. 

— sulphur in, 142. 

— tests for, 126, 127, 128, 129, 130, 131. 

132, 133, 134. 141, 143, 149, 212. 

— Tnmdod Lake, 126, 128-31, 136-7. 

141-6, 148-^, 167, 171, 211. 232. 
iJitumiiLous concrete, macadam, eto.. 96. 
176, 178-9, 183-(l-6, 186, 247, 203. 

— material, 267 
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Bituminous pavomonta, 80, 81, 96, 127, 
102, 166, 171, 174, 176, 210, 246, 247. 

— plant for, 176. 

— Burfaoo coat, 170. 

Blaat-fumaco tar, 104, 122. 

Boiler tar, 120, 167. 

Bottlenecks, 40. 

Bowen ponotromotor, 137. 

Brakes, action of, 66. 

Bnck pavomont, 210, 220 

tractive effort on, 17 

British Isles, roods in, 40. 

— Engineering Standards Committee, 

106, 109, 162, 207-277. 

Buses, Motor, 3, 4, 7, 30, 42, 44. 


Calif ormon bitumen, 126, 136, 142-4. 
Camber, 38. 

Oar, raillesa, 44. 

Carbon, 6xed, 101, 111, 128, 141, 142, 149. 

— free, 106, 107, 108, 110, 111 

— disulphide, 122, 128, 129, 133, 134, 

141, 149 
free, 101. 

— totroohlondo, 128, 130, 132, 133, 134, 

149. 

Carbonisation, 101. 

Carburotted water gas, 101, 104. 
Oarnagoway, 41, 42, 73, 267. 

Cement, 148, l60, 171, 267 

— grout, 269. 

— mortar, 267. 

Census of traffic, 4, 6, 73, 183, 184, 186, 
246. 

Channels, 67, 264, 266, 269. 

Chemical action, 266. 

Ohippmga, 178. 

Circular roads, 42. 

Class of roads, 122. 

Olay subsoil, 96. 

Olao Hill granite, 60, 

Climate, hot, 136. 

Clmkor refuse, 177, 178, 182, 194-6. 

Coal, 99, 100. 

— tar, 267. 

Coat, bitummous, 121, 176 
Coke-oven tar, 102, 103, 113, 122. 
GoUords, 144-8, 171, 193. 

Comments on pavements, 199-200. 
Composition of tar, 100 
Compression of asphalt, 86, 193, 220 
Concrete, 19, 61, 88, 93, 121, 170, 176, 230, 
264, 259. 

— bitumen m, 148. 

— briok pavement, 216, 217. 

— reinforced, 94, 96, 216. 

— roods, 171, 213-7. 

— tor, 121. 

Congestion, 41, 42. 

Conaistenoy of tar, 106, 113, 114, 119, 121, 
276. 

Contact with surface, -SO. 


Contour, 36, 38. 

Contraction^ 137, 194. 

Control, State, 47, 48 
Connastik, 165. 

Corrugations, 90, 91. 

Cost of asphalt, 6, 80, 81, 178-9, 262 

— of collection and dehvery, 9. 

— of concrete, 171, 217. 

— of macadam, 80, 81, 262. 

— of plant for road work, 176 

— of reconstruction, 2. 

— of repair. 4, 6, 6, 39, 46, 49, 62, 70, 71, 

72. 78, 81, 263 

— of tar spraying, 79. 

— of traolaon, 14. 

— of wood pavmg, 4. 70, 71, 72, 73, 80, 

81, 231. 

Costs, reduced, 4, 77. 

Qroolnng, 263, 266. 

Crooks, 127. 

Creeping, 88. 

Creosote oil, 100, 103, 106. 106, 121, 161, 
167, 169, 160 
Creoaoting, 261 

— timber, 109, 229. 

Crompton three-axle roller, 221-4. 
Crossbars, 26. 

Crosamgs, 261 
Crude bitumen, 120. 

Crusher, hghtning, 179 
Cuban Bejuoal bitiunen, 128, 129, 130, 
131, 141. 

Curves, 16. 

Cushion, 84, 86, 170, 176, 179 
Cutting book, 106, 109, 110. 

Damage by vehioles, 3, 4, 6, 6, 7, 26, 136, 
262. 

Defects m asphalt, 127. 

Dehydrated tar, 105, 110, 113. 
Departmental Committee, 25, 29. 
Desimei of road, 12, 39 

— of railway, 12. 

Diameter of wheel, 22, 24, 25, 27, 29, 32, 
33, 34, 65. 

Disintegration, 115, 127, 141, 169, 186. 
Distillation of coal, 100, 101, 128. 

— of tar, 104, 105, 106, 108, 113 
Distribution of weight, 87 
Division of roods, 16 

Dow penetrometer, 137 
Dowelled blooks, 227. 

Drainage, 67, 66, 262 
Dners, 167, 182. 

Ductility, 143, 149, 186, 207 
Durax paving, 225, 248, 262. 

Dust, 62, 144-8, 160, 178, 179, 196. 

— oementmg power of, 64, 66, 60. 

Ebono pitch, 134. 

EeonormcaJ effect of tar spraying, 77 
Economy, 8, 21. 
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Effect of wear, 170. 

Effort, tractive, 17, 18, 19, 20, 

Egyptian glance pitoh, 132. 

Epiir6 bitumen, 129, 136. 

Essentials m a road structure, 169, 247. 
Evaporation of tar, 113 
Examination of ro^ pavements, 196-9 
Excavation, 259. 

Excess of moisture, 57 
Excessive wear, 7. 

Expansion, 139, 173, 194* ^63 

— ]omt, 261 

Expenments, road, 49, 110, 171-4, 182, 

Failure, causes of, 173, 174. 

Filler m bitumen, 131, 136, 144, 146, 
146-8, 171, 199, 200. 

— in tar, 160, 194. 

Film thickness, 189, 190, 194, 199, 200, 
266. 

Fine matenel, 193. 

Fmishmg coat, 121, 176. 

Finland timber, 228. 

Fixed carbon, 110, 111, 128, 141, 142, 149, 
266. 

Flagrock, 176, 177, 178, 182. 

Flosh-pomt tester, 204. 

Flints, 66, 68, 254 
Floatmg, 260. 

Flour, 1^. 

— wood, 196. 

Flourometer, 147, 160. 

Flowmg pomt, 128, 130, 132-4, 206, 208. 
Flue dust, 201. 

Fluxes, 133 
Fluxing oils, 127 
Footways, 174, 266. 

Foundation, 63, 84, 93, 94, 96, 96, 121, 
263 

Fractionation, 104, 149, 270, 272, 276. 
France, road mamtenanoe, 47. 

Free carbon, 106, 107, 108, 110, 111, 271, 
273, 276. 

French Asphalt Company, 231. 

Frost, 31 

Frost-bound rood, 62. 

Gkta tar, coal JSee Tar. 

Germany, road maintenance in, 47. 

Glance pitch, 132 
Grade, 12, 13, 67. 

— effi^t on speed, 13, 16. 

— limiting, 12, 16. 

for asphit, 12, 16. 

— power required, 12, 14. 

Graded mixtures, 160, 189, 190, 196. 

— road, contour of, 67, 68 

Gradmg mineral, 136, 161, 196, 199-200. 

201, 210, 231, 264. 

Grahamite, 129, 132. 

Granite, 63, 172, 173, 174, 176, 177, 178, 
179,182,196. 


Granite ohippmgs, 267. 

— dust, 196, 201. 

— setts, 18, 43, 226, 233, 248. 

Gravel roads, 18. 

Gravity, spooifio, 101, 107, 111, 113, 119, 
161, 178, 187, 188, 189, 202, 203, 200, 
207, 209, 211. 

Gnt setts, 226. 

Grouting, 168-60, 226, 261. 

Guernsey granite, 69. 

Gullies, 67, 257, 268. 

Hardcore, 266, 267. 

— foundation, 64. 

Hard-wood paving, 227. 

Hardening of tor, 114, 163. 

Hardness of bitumen, 129, 137, 138-41. 

— of stone, 64, 61. 

Hard pavements, 141, 160. 

Heat. See Temperature. 

Heatmg, 266, 269, 271. 

Heatmg stone, 66-76. 

Heavy traffic, 16, 68, 109. 

Highways Act, 1878, section from, 23. 
Hoggm, 66, 266. 

HoUows in roads, 96, 97. 

Homogeneous pavement, 86, 87. 

non-, 87. 

Horse traffic, 6, 62, 65, 86, 

Horses’ feet, effect of, 6, 61. 

Horses, manure from, 76, 76. 

HutcbniBon Testing Apparatus, Ltd., 203. 
Hydrocarbons, 99, 101, 126, 126, 130, 132, 
133, 134, 213. 

Hydrometer, 204, 206. 

Inolmation of rood, 12. See Grade. 
Intenor wear, 63, 78, 

Intemational Road Oongreas, 12, 16, 16, 
34, 44, 45, 46, 47, 64, 66, 79. 

Jarrsih wood paving, 227, 

Junctions of roads, 42, 46. 

Karri wood paving, 227. 

Kerbing, 264, 262. 

KleinpSuter, 226, 248. 

Laboratory, 202-13. 

Larch, 228. 

Laying bituminous pavoments, 176. 181, 
248-9. 

— wood pavements, 229, 230. 

blocks, 260. 

Leicestershire gramte, 69. 

Life of pavements. See Maoadam, As- 
phalt, Wood, eto. 

Light oil, 100, 103, 106, 100, 131, 133, 137, 
206-7. 

Light railway, 46 
Light traffic, 17. 

roads, 136, 180. 

Lime, slaked, 113, 167, 178, 
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Limestone, 58, 168, 172, 176, 178. 

— afSnity, 116, 168. 

Limmer and Tnuidad Lake Asphalt 
Paving Company, 163, 164, 231 
Lithofalt, 233. 

Lithomoo, 163 
Loads, exceptional, 27. 

Loans for paving, 231. 

Local stone, 59, 176. 

Locomotive, tiros of, 24. 

— weight, 24. 

Locomotives, rood, 25. 

Macadam, J. L., 62, 53, 63, 01, 255, 257. 
Macadam, bituminous, 80, 81, 166. 

cost of, 62, 80, 81. 

laymg, 176, 265. 

laymg stone as aggregate, 69, 176. 

matrix of, 176 

roller for, 218 

— road, 1, 79, 86, 170. 

corrugations in, 91. 

effect of dry weather on, 04. 

effect of rain on, 64. 

effect of tar-Bpraymg on, 77, 79, 

82, 116, 117, 169, 244 

effect of wear, 170. 

expensive, 78, 79. 

heavily oiled, 18. 

hfeof, 63, 79. 

settlement of, 54, 86. 

tractive effort on, 19. 

voids m, 86. 

wear of, 66, 62, 63, 04, 74, 77, 79, 

82, 170. 

— stone, 62, 63, 177. 

effect of grmding, 66. 

mud from, 67. 

Machines, tar-spraying, 117, 118, 
MaJntonanco cost, 1, 46, 40, 52, 70, 71, 72, 

78. 81, 237, 243. 

Maltha flux, 143-4. 

Manjak, Borbadoes, 132. 

Manure on wood and other pavements, 
76, 76, 77, 237, 240. 

Maracaibo bitumen, 128, 129, 130, 131. 
Mastic asphalt, 165, 192, 194. 

Matrix, 170. 

Mechanic^ mixing, 120. 

Medium trafflo, 17. 

Molting point of bitumen, 128, 132, 133, 
134, 141, 148, 206 

of pitch, 110, 112. 

Mexican bitumen, 142-4. 

Mexico Ebano pitoh, 134. 

— Ebano, 134. 

Mexphalto, 134, 136, 166. 

Mileage of trains, 9. 
lifineral, grading, 134 

— matter in bitumen, 130, 131, 141, 142. 
Ministry of Transport, 49. 

Mixing, 264. 


Mixing plant, 165-8. 

Moisture, 66, 60, 63. 81, 00, 107, 108, 109, 
116, 121, 237, 240. 

Motor-bus damage, 3-4, 7, 30, 44. 

Motor Oar Act, sections, 32, 61. 

Motor oar, heavy, 28, 66, 84. 

hght, 06. 

— transport, 10 
cost, 21. 

— waggon, weight of, on rood, 83. 

Naphtha, 100, 128, 130, 132-4, 149, 212, 
266. 

Naphthalene, 101, 108, 109, 270, 272, 274, 
276. 

Native bitumen, 122-4. 

Natural and oil asphalts, 141. 

Nature of bitumen, 122, 124. 

New York testing penetrometer, 137 
Nomenclaturo, 122, 123, 126, 266. 

Obstructions in roads, 16, 97, 98. 

Odour of bitumen, 193. 

Oluo, regulation of vehicles in, 23 
Oil asphalts, 141 
Oil-goB tar, 104. 

Oil, fluxing, 127, 136, 137 

— light, 100, 103, 106, 106, 131, 133, 137. 

— residual, 133, 136. 

and pitch, 134, 136. 

Old road, 66. 

Oxidation, 137 

Paraffin scale, 126, 134, 149. 

— base flux, 130 
Pat-papor test, 202, 266. 

Pavement. See. Wood, Soft, Asphalt, 
Maoadam 

— Durax, 226, 248. 

— examination of, 196-0. 

— hard, 141, 169. 

— laying wood, 220, 230. 

— pitoh-pine, 229. 

Penetration, 137, 160, 230, 266. iSce Vis- 
cosity. 

Ponotromotor, Bowen, 137, 178, 200. 

— Dow, 137. 

— Now York, 137. 

— Standard, 138. 

— testa, 120, 137, 138, 139, 140, 141, 147, 

160, 178, 202, 208. 

Penmoenmawr granite, 69, 226. 
Poroontage of tar m tar macadam, 153, 
178. 

— of bitumen, 179, 187, 189, 100, 192, 

210, 232. 

— of stone in asphalt, 179-80, 193-200, 

210, 231 

in bituminous macadam, 177, 180, 

189, 210. 

in concrete, 170. 

— — in a ooat of macadam, 66 
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Fetrolenes, 126, 

Petroleum, 133. 

— Texas, 133 
Phenols, 270, 272. 

Pitch, 88, 100, 102, 103, 106, 108, 110, 
122, 133, 148, 167, 160, 161, 177, 178. 

— Baku, 134 

— boiler, 120. 

— grout, 168-60 
oost of, 161 

— London, 108 

— and residual oils, 134, 136. 

— softening of, 106, 116, 148. 

— source of, 276. 

Pitchmao, 160, 162. 

Pitoh-pme, 229. 

Plant for road work, 166, 167, 168, 176. 
Plasoom, 162 
Pneumatic cushion, 01. 

Pounng-m process, 168-60. 

Powder, impalpable, 64, 66, 131, 144-8, 
195. 

Power required on graded road, 12, 13, 14. 
Pressure on road, 84, 86, 94. 

Quamte, 168. 

Ragstone, 68, 176, 177, 178. 

Railless cars, 44. 

Railway costs, 6. 

— methods, 11. 

— and motor transport, 10. 

— rates, 10 

— receipts,* 9. 

Railways and traffic, 8 
Ram, 76. 

Rate of wear, 08-74. 

Reconstruction costs, 2, 60 
Recuperative power, 87. 

Refining methods, 101. 

Refuse, street, tonnage, 75, 76, 77, 236, 
244. 

Regulations of vehicles, 12, 23-32. 

^pair, cost of, 1, 4, 6, 39, 70, 72, 239. 
Repairs, 181, 214, 239. 

Residual oil, 133, 136 

ResiLenoy, 6, 36, 83, 84, 86, 171, 214. 

Ream, 167. 

Resistance, 17, 18, 19, 20, 36, 06, 68. 

Riga timber, 228 
Rmgs m timber, 228. 

Road Board, 49, 60, 161, 267 

— Board’s Specification, 137, 177 

— essentials, 169 

— pavements, examination of, 196-9. 
Roadamant, 166, 262 
Roadoleum, 163. 

Road Improvement Act, 40. 

Roads, concrete, 213-7. 

— unsuitable, 30 

Rock asphalt, 123, 124, 231. 

Rocmac, 166- 


Roller, kind of, 218-24, 266. 

— weight on foundation, 64. 
Rolling, 64, 176, 181, 103, 263. 
Rubber pavement, 66 

— tires, 6, 36, 44, 70 
Russian timber, 228. 


Sand, 144-8, 172, 173, 174, 178, 170, 201. 

202, 210, 264, 268 
— coat, 116 
Sandstone, 176. 

Sapomfioation tost, 143-4. 

Sap or aapwood, 220. 

Saturated hydrocarbons, 130, 132, 133, 
134. 

Scale paraffin, 126, 134, 149, 

Scaling, 127. 

Scandinavian timber, 228. 

Scavenging, cost of, 240. 

Scientific oxanunation, 180. 

Sealing coat, 161, 166. 

Sedimentation, 146, 147. 

Sot of wheels, 26 

Sett paving, 18, 226, 226, 248. 

Settlement in macadam road, 64. 

Sidoup tnals, 101, 261. 

Signs of good road, 122. 

Size of macadam stone, 60, 187, 

Skiddmg, 35, 38. 

Slag, 68, 177, 178, 182. 

ShppennoBB, 22. 

Softness of bitumen, 120, 132, 133, 134, 
130. 

Soft wood, 68, 69, 70, 227, 228. 

coat, 4, 6, 70, 71, 80, 81, 

life of, 4, 08, 72. 

repair, 4, 43, 70, 72. 

wear of, 4, 43, 03, 67-70, 74. 

Source of tar, 260, 272, 276. 

Specific gravity, 100, 101, 107, 111, 110, 
161, 178, 187, 180, 203, 200, 207, 200, 
269, 272. 274. 

Speoifioation, British ISnginooring Stan- 
dard, 106, 110, 162, 177, 207, 268, 269, 
275 

— of bitumen, suggested, 266. 

— of tor, 106, 177. 

Speed, 66, 66, 07 

— limit, 28, 33, 34 

Spraymg, 114, 119, 161, 244. See Tar 
Spraymg. 

Sprmga, 26, 66, 00, 01, 90, 97. 

Spruce, 228. 

State aid. 48, 236. 

— control, 47, 48. 

Steam roller, 64, 83. 

— tractor. 

Steel tires, 70, 74, 82. 

Stone, soft, hard, 64. 

Stram on rood, 36, 88 
Sulphur m bitumen, 142. 

Super-elevation, 86. 
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Surface, area of material, 188, 189 

— ooat, 187. 

— oontaot, 36-194. 

— energy, 146 

— structure, 63, 178-9 

— tarring, 77, 79, 82. See Tor Spraying. 

— wear, 63, 236. 

Swedish timber, 228. 


Tamping, 181, 193, 220, 221. 

Tar, 88, 99, 114, 160 

— adhesion of, 107, 108. 

— blost-fumooe, 104, 122. 

— boilers, 120, 107. 

— oarburettod water-gas, 104. 

— coke-oven, 102, 103, 113, 122. 

— composition of, 263, 204, 268. 

— oonaistenoy of, 100, 102, 119. 

— dehydrated (refined), 106, 110, 113, 

163, 167 

— distillates, 108. 

— hardening of, 114, 163. 

— in bitumen mixture, 177. 

— in concrete, 121, 180. 

— mixtures, 160, 167, 178, 180 

— moisture in, 107, 108, 109, 116, 162. 

— source of, 209, 272, 270. 

— spraying, 77, 79, 82, 114-9, 151, 244 

autumn weather on, 116. 

ehippings on, 116. 

cost of, 79 

effect on road, 77, 79, 116, 116, 109. 

oconomiool, 77, 110, 244. 

moohines, 117, 118. 

poBHibihtios of, 166. 

a palhative, 117. 

sand coat on, 116. 

value of, 166. 

Tarmac, 168. 

Tar macadam, 17, 112, 122, 160, 161, 
152-8, 101, 248. 

failures of, 160. 

stone used in, 161, 162, 163-8. 

tar for, 112, 150-3. 

tractive effort on, 17. 

voids in, 80, 161, 220. 

— pavements, 127, 164. 

Tars and pitohos, 260. 

Tarvia, 111, 113, 168. 

Taxation, 2, 3, 4. 

Telford, 63. 

— foundation, 63, 64. 

Temperature on roods, 112, 113. See 
Weather, Atmoapherio Conditions 

— of bitumen, 137, 149. 

— of distillation, 100 

— of tar, 112. 

Testing of tar, 273. 

Tests for bitumen, 120-34, 141, 143-9, 
202-13. 

— for pitch, 110, 

Texas petroleum, 133. 


Thames ballast, 258, 269 
Thermometer, 202, 203, 204. 

Thicknosa of cushion, 84, 86, 170, 176, 179 
Tires, 10, 20, 21, 24, 29, 32, 33, 36, 44, 06, 
70, 84, 87 

— ribbed, etc., 36, 06, 70, 74. 

Tonnage of goods, 9. 

Toughness of stone, 00. 

Town Plomung Act, 40. 

Traction, cost of, 14 

— effect of surface matonol, 16. 

of diameter of wheels on, 22. 

of speed on, 14, 18, 19. 

of tires, 19, 22. 

tractive effort, 17, 18, 10, 20, 60, 08. 

— wear, 02, 08, 78. 

Traffic oensiis, 4, 6, 73, 183, 184, 186, 246 

— congestion, 41, 42. 

— damage by, 7, 60, 07. 

— extraordinary, 60, 61. 

— heavy, 10, 66, 72, 09, 109. 

rostnotion of, 30. 

— on homogeneous pavement, 87. 

— horse. 25, 02, 76 

— bght, 17, 76. 216. 

— medium, 17, 76. 

— tendency, 109. 

— weight of, 83. 

Trailers, 26, 20. 32, 33. 

Tram mileage, 9 

Tramways in roads, 42, 43, 44, 45 
Transport, railway and motor, 10, 21. 

— Mmiatiy of, 49. 

Trees, 46 
Trosaugot, 61, 62 

Trinidad Lake bitumen, 128, 129, 130, 
131, 136, 137, 141, 142, 143, 144, 146, 
148, 160, 167, 171, 170. 

mineral matter m, 130, 131, 135, 

141, 142, 148, 160. 

Tnmdad I'osidual, 147. 

— Uquid asphalt, 103 
Twaddoll’s mottsuro, 119. 

Two-coat paving, 80, 192. 

UnovomiesH of roads, 236. 

Unification of transport, 21. 

U S.A., rood mamtonanoo in, 47. 

User of road, 12, 39. 

Val c|p Tiuvora Asphalt Company, 103, 
231. 

matrix, 103, 231. 

Vehicles, effect on, 20. 

— regulation of, 12, 23-32 

— skidding of, 35, 38. 

Viagraph, 233^0. 

Viscometer, 204. 

Viscosity, 112, 137. 

Voids, 86. 80, 161, 188, 191, 192, 103, 219, 

220 , 221 . 
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Volatilisation, 113, 115, 116, 127, 137, 161, 
163. 206. 

Volume, analyBiB by, 187. 

Wavmeas, 91, 92, 127, 220, 233. Set 
Oreeping. 

Weakness in bitumen, 144. 

Wear, division of, 63, 78. 

— excessive, 7. 

— of asphalt, 78, 79. 

— of bituminous macadam, 80, 81, 96. 

— of macadam, 62, 63, 64, 74, 77, 170. 

— of rails, 43. 

— of soft wood, 43, 63, 67-70, 74. 

— vehioulor, 4, 6, 43, 236. 

Wearing surface, 187, 216. 

Weather, 02, 64, 66, 06, 78, 82, 180, 181 
Weight, analysis by, 187 

— axle, 27, 29, 32, 33, 36. 

— distribution of, 87. 

— of motor oars, unladen, 28, 29, 33 

— of motor waggon, 23, 33, 83. 

— of rollers, 213-224 

— on tires, 23, 33, 34, 36, 83 
Wheel bands, 26, 36, 82 

Wheel diameter, 24, 26, 27, 29, 32, 34, 05. 


Wheels and contour, 36, 37, 38. 

— of locomotives, 24, 26. 

— rubber -tired, 6. 

Width of road, 41, 42, 73. 

effective, 

— of tires, 22, 23, 20, 32, 33, 65. 

Wmtor See Weather, Temperature, etc. 
Wood fibre as dust, 76 

Wood pavement, advantages, 230. 

— creeping of, 89. 

— flour, 196. 

— hard, 227. 

— soft, 68, 09, 70, 93, 227, 228, 247. 

cost of, 0, 70, 71, 80, 81, 231, 237-0. 

depth of, 68 

hfe of, 4, 08, 72, 230, 231, 246. 

loans for, 231. 

manure from, 76, 76. 

renewal of, 72. 

repair of, 43, 70, 72, 246. 

thickness of, 247 

tractive effort on, 17. 

unequal wear, 246. 

voids m, 80. 

wear of, 43, 03, 07-70, 74, 70, 93, 

246. 
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